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PREFACE 


Although this book is written primarily for the enlisted men of 
Naval Aviation and is designed to give them the information 
necessary to perform their aviation duties, it is of value to all 
enlisted personnel in Photographer's Mate ratings. 


Every Photographer's Mate must have a knowledge of all 
phases of photography. Here the subject of photography is pre- 
sented in two volumes, of which this is the second. Volume 1 
deals with fundamentals. Volume 2 covers more specialized fields. 


This book explains color photography, aerial photography, 
stereoscopy (the reproduction of depth in pictures), motion pic- 
ture photography, the care of photographic equipment, and the 
administration, regulations and records pertaining to photog- 
raphy. 

The theory of color work is followed by practical applications 
and numerous tables for the color photographer’s use. Cameras, 
films, processing and techniques for aerial and ‘‘movie’ work are 
detailed. Operation of motion picture projectors is described. 
The handling of photographic apparatus under all conditions is 
outlined. And finally, the Navy’s photographic set-up and proce- 
dure is presented. 


As one of the Navy Traininc Courses, this book represents 
the joint endeavor of the Naval Air Technical Training Com- 
mand and the Training Publications Section of the Bureau of 
Naval Personnel. 


The Training Activity is grateful for the technical informa- 
tion supplied by the Eastman Kodak Company and for permis- 
sion to use its chemical formulas. Appreciation is also extended 
to all other manufacturers of photographic equipment who helped 
in the preparation of this book. 


Certain subject matter or material contributed to this book is 
protected by existing copyrights which, according to Copyright 
Law, Section 7, are not abridged or annulled by this publication 
of the Government. 
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CHAPTER 1 
COLOR PHOTOGRAPHY 


COLOR MAKES ITS BOW 


Life is Rosy! Sometimes it doesn’t look that way. 
But after all this is a COLORFUL old world. Cotor is 
Nature’s greatest artistry. Life would be drab indeed 
if all the natural hues suddenly faded into black-and- 
white. 

Man, in his photographic handiwork, has only re- 
cently got around to a successful reproduction of 
Nature’s glow. In practical use, the MAGIC OF COLOR 
in pictures is ultra-modern. It’s a feat which is still a 
CHALLENGE to up-and-coming photographers. 

The splash of natural color made motion pictures 
sparkle with new life. It was a startling development 
which matched in importance the advent of.sound 
movies. Color likewise breathes vibrance into still 
photography. And progress in that direction has 
been similarly amazing. 

Sometimes, ‘moreover, real-life hues are used nat 
merely because of their beauty but because they are 
practical. If, for example, a Navy plane on a photo- 
graphic reconnaissance mission has color film in its 
camera, it can bring back a record disclosing impor- 
tant differences in terrain which might show only as 
indistinguishable grays in a black-and-white picture. 
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Color film also serves importantly in the study of 
camouflage—both to detect the enemy’s and to im- 
prove ours. Color provides a more effective analysis 
of gunnery practice. And color enhances realism and 
attractiveness in training and publicity pictures. 


There'll come a day when black-and-white features 
on the movie theater screen will be as old-fashioned 
as “silent pictures” are today. Whether still photog- 
raphy will turn exclusively to color remains to be 
seen. But RIGHT Now it is important enough to war- 
rant thorough understanding by anyone who pro- 
fesses to be a good photographer. 


Study and practice in color photography invariably 
has a beneficial effect on the quality of all photo- 
graphic technique. No matter whether you have an 
opportunity to become an expert in color work, the 
effort you expend will pay definite dividends in mak- 
ing you a more finished photographic technician. 


If someone handed you a suitable camera loaded 
with proper film, you perhaps could take color pic- 
tures with a reasonable chance of success even though 
you didn’t know about such things as light spectrums, 
complementary colors, and color temperatures. But 
you can't afford to leave it to chance. You want to 
KNOW what you’re doing and why. You, therefore, 
will want to be well versed in the fundamentals be- 
hind the newest methods in color photography. 


It is a fascinating art which operates on the same 
basic principles which you have learned for the black- 
and-white variety, but with important differences in 
details. So here you go into the brilliant field of 
photographing in natural color! 

As a Photographer’s Mate your interest must be 
directed chiefly to the particular processes being used 
in the photographic work of the service. Speed is the , 
prime requisite of nearly all photography in the 


2 


Navy. Therefore, you will find that attention is being 
concentrated upon three color processes— 
KopACHROME 8 
KODACOLOR AERO REVERSAL 
ANSCO COLOR 

They offer high photo-sensitivity and reasonably 
fast processing coupled with a comparatively high 
degree of accuracy in color reproduction. They. pro- 
duce color transparencies (pictures viewed by light 
ghining through them), and color prints can be made 
when there is time. However, the production of color 
‘prints is not now an official part of Navy photog- 
raphy. 

This chapter will deal first with practical color 
theory, specific processes, and factors which affect 
color rendition by these processes. Then you will 
learn about Kodachrome photography—oldest of the 
modern practical processes—and Kodacolor Aero 
Reversal and Ansco—the newer and somewhat simi- 
lar developments. 

You aren’t expected to learn all about color pho- 
tography in one reading. But even one reading will 
help you gain a PRACTICA, KNOWLEDGE of what it’s 
all about. When you “get the drift” of color-sensitive 
photographic emulsions and the effect of light filters 
on the resulting negative images, you will have little 
difficulty in understanding the theory of color pho- 
tography. Before examining the specific processes, 
suppose you look back to the theories on which they 
are based and briefly examine the significant factors 
involved. | 7 


"TRICKS" WITH COLOR 


You learned in school that the fundamental pri- 
mary colors of light are red, blue, and green. The light 
which you see—called the “visible spectrum’’—also 
contains orange, yellow, indigo, and violet. These 
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seven, with their variations and combinations, form. 
‘all the colors of the rainbow.” 

Men who have studied how light behaves have 
found that the seven colors of the visible spectrum 
can be divided into three general groups— 

The violet, indigo, and some of the blue. 

The remainder of the blue, the green, and some 
of the yellow. 

The rest of the yellow, the orange, and the red. 

If color filters were made to imitate these three 
divisions, one would be blue-violet, one green, and 
one red-orange. They correspond roughly to your 
familiar primary colors—blue, green, red. It is more 
exact, when speaking in terms of light waves, to call 
them blue-violet, green, and red-orange. 

Suppose the three filters are placed over three 
separate light sources. The projected beams of blue- 
violet, green, and red-orange light are superimposed. 
The result is—surprise !—white light. 


One theory of human vision is based on a similar 
principle. Some of the rods and cones in your eyes 
are sensitive to blue-violet, some to green, some to 
red-orange. The colors which you see are formed in 
the brain by the mixture of these colors in proper 
proportion. 


As early as 1861, Clark Maxwell demonstrated the 
principles of color photography. His experiment was 
based on the three divisions of the colors of the 
spectrum. 


Maxwell made three filter solutions, one red- 
orange, one green, one blue-violet. On three separate 
pieces of photographic film he made three separate 
pictures of a group of colored ribbons, one picture 
through each of the filters. After the films were 
developed to black-and-white negatives, he made posi- 
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tive projection transparencies. He placed one in each 
of three projection lanterns. 

In front of each lantern he put a glass tank con- 
taining one of the filter solutions so that the red- 
filtered positive was projected through the red dye 
solution, the green-filtered positive through green, 
and the blue-violet through blue-violet. The three 
images from the three lanterns were superimposed 
upon the projection screen in accurate register. The 
result was a picture in color of the original colored 
ribbons. 

This experiment must have been a poor example 
of color photography as it is known today. Never- 
theless, it demonstrated the principles by which color 
photographs could be reproduced through the use of 
three basic groups of colors. 


ADDING AND SUBTRACTING 


Maxwell’s method for producing colored photo- 
graphs was named “appITIVE” color photography be- 
cause the colors were added together on the projec- 
tion screen. Later it was discovered that color pic- 
tures could be reproduced in a different manner, 
called “suBTRACTIVE.” Instead of projecting the posi- 
tive transparencies through the same filters that were 
used for taking the pictures, the positives were col- 
ored with dye complementary in color to that used 
for making the original three-color separations. When 
these dyed transparencies were superimposed exactly 
on top of one another, a color picture resulted. 

A. complementary color is the sum of the two re- 
maining primary colors. Thus, the complementary 
color of red-orange is the sum of green and blue- 
violet, or a blue-green color known in modern tech- 
nical language as cyan. Similarly, the complemen- 
tary color of green is a combination of red-orange 
and blue-violet, or a purplish color called magenta. 


And the complementary color of blue-violet is the 
mixture of red-orange and green light which—strange 
as it may seem—is yellow. 

Therefore, the complementary colors are cyan, 
magenta, and yellow. When any two or more of them 
are superimposed and viewed by transmitted light, 
it is possible to reproduce all of the colors of the 
original spectrum. It works this way— 

Overlap a piece of yellow filter with a piece of 
magenta filter and pass a beam of white light through 
it. The yellow absorbs the blue-violet from the light 
and the magenta absorbs the green. Only the red 
rays are transmitted and only red color is visible to 
the eye. If you overlap pieces of yellow and cyan 
filter, the yellow again absorbs the blue-violet from 
the beam of light and the cyan absorbs the red, so 
that only green is visible to the eye. If you overlap 
cyan and magenta filters, the magenta absorbs the 
green and the cyan absorbs the red, so that only blue- 
violet is seen. 

This “absorption” might also be called “subtrac- 
tion.” Each complementary color subtracts or takes 
away or cuts out one primary color. Two comple- 
mentary colors combined will remove two other colors. 
By making the necessary subtractions from light 
sources, all colors of the spectrum visible to the eye 
can be reproduced. When colored dyes are properly 
combined on photographic film, each absorbs or sub- 
tracts its complement and a color picture results. 
Hence this is called the “subtractive” method of color 
photography. 

When all three complementary colors are super- 
imposed, all of the light is absorbed and the area thus 
represented is black. When no dye pigment is pres- 
ent at all, the light would appear white. 

The two general methods—additive and subtrac- 
tive—are easily identified. In the former, black-and- 
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white images are projected simultaneously through 
three filters in the primary colors, or the film contains 
a screen composed of minute particles of gelatin’ in 
the primary colors. In the subtractive process, the 
positive images are dyed with dyes of complementary 
colors so that the COLOR Is IN THE TRANSPARENCY 
ITSELF. The additive employs the primary colors, the 
subtractive the complementary colors. 

While it is possible to-make very excellent color 
pictures by the additive process it does not have the 
degree of commercial practicability obtained by the 
subtractive method. “One-shot” cameras are avail- 
able today in which, by means of an optical arrange- 
ment of mirrors or prisms, the image of the original 
subject is split into three separate beams. Each beam 
is filtered onto three separate pieces of black-and- 
white panochromatic film, one through the red-orange 
filter, one through the green, and one through the 
blue-violet. When these black-and-white images are 
developed, each negative will represent in densities 
the many colors of the original subject. 

Positives from these negatives can be projected as 
Maxwell did, through red, green and blue-violet fil- 
ters, and an additive color picture will result. Or the 
positives can be dyed in complementary colors and 
superimposed to form a subtractive positive color 
image. The latter method requires careful registra- 
tion of all three images after the picture has been 
made. This is a mechanical problem, and the factors 
involved have been solved successfully in the produc- 
tion of color motion pictures by the Technicolor and 
other processes. Most of the color films which you 
see in the theaters are made in this manner. 


KODACHROME 


In the early 1930’s a new method was worked out 
for making three-color separation images within the 
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normal thickness of film emulsions. The first prac- - 
tical process for using this method was called the 
Kodachrome process and was announced in 1935. 

By this method of subtractive color photography, 
the three-color separations are made within the depth 
of the film so that the images are superimposed on 
one film rather than side by side on three different 
films, and the three images are always in perfect regis- 
ter. To accomplish this, three separate emulsions are 
coated one over the other. These emulsion layers are 
extremely thin and are separated by thin layers of 
gelatin, as in figure 1. 

The bottom layer of emulsion down next to the 
film base (also called the film support) is sensitive 
mainly to red and blue-violet light. On top of this is 
coated a layer of clear gelatin. 

Next comes an emulsion sensitive principally to 
green and blue-violet. This layer is coated with a 
yellow-dyed gelatin. 

On top is the third and final emulsion, which is 
sensitive almost.exclusively to blue-violet. 

The three layers are made selectively sensitive to 
red, green and blue light by the yellow filter between 
the top and middle layers. 

As light reflected from a subject falls on the film, 
the blue and violet is recorded in the top layer. Since 
this emulsion is not sensitive to green or red, objects 
reflecting light of those colors are not recorded there. 
The light continues to pass through the film. The 
blue-violet is absorbed by the yellow filter so that it 
does not reach the second layer. 

Only the green and red are transmitted to the 
middle emulsion. All of the objects reflecting green 
light in whole or in part are recorded there. This 
layer is not sensitive to red light. | 

The green light does not affect the bottom layer, 
because that emulsion is sensitive only to blue and red. 


COLOR SENSITIVITY OF KODACHROME 
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Indicating the inherent color sensi Showing the effective color separc 
tivities of the three component tion obtained in these three layer: 
emulsion layers. 


A cross-section of Kodachrome Film 
showing the extreme thinness of the 
three color-sensitized coatings sepa- 
, fated by plain gelatin layers. 


Figure 1—Kodachrome Film layers. 


REPRODUCTION OF COLORED SUBJECTS BY KODACHROME 


ORIGINAL SUBJECT REPRODUCTION OF ORIGINAL 
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DEVELOPED NEGATIVE AFTER THE SILVER 1S REMOVED FROM ALL THREE 
CAMERA EXPOSURE LAYERS, LEAVING COLOR-IMAGES 
COMPOSED OF DYED GELATIN 
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LAYERS OF EMULSION AFTER TREATMENT PROJECTION LIGHT 
IN DYE-COUPLER DEVELOPERS 





Figure 2—Processing of Kodachrome. 
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The. blue has been recorded on the top layer and 
absorbed by the yellow filter between the first two 
layers. Hence only images reflecting red light are 
formed, on the bottom layer. 


See how the colors have been completely separated? 
Reflections of blue light from the object being photo- 
graphed are recorded on the first layer, green on the 
second, and red on the third. — 


One more thing about figure 1 needs to be clarified. 
The illustration indicates that the top emulsion, sen- 
sitive mainly to blue-violet, will also be affected 
slightly by green (notice the green at the right edge 
of the blue). The middle layer is slightly sensitive 
to yellow and red, but mainly to blue-violet and green. 
The bottom layer is very slightly sensitive to yellow 
and green, but quite sensitive to red and blue. 


As far as the practical effect goes, you could elimi- 
nate these minor components in figure 1 and consider 
that the top layer is sensitive only to blue-violet, the 
middle to blue-violet and green, the bottom to blue- 
violet and red. 


PROCESSING OF KODACHROME 


Since the development of multiple-layer emulsions 
is a highly technical process, this work should be done 
at the present time in the color laboratories of the film 
manufacturers. The processing is done on machines 
wherein. the time, temperature, and concentration of 
the solutions employed are accurately controlled to a 
very high degree. Inasmuch as there is little chance 
of a Navy photographer being called upon to operate 
such processing machines, the details of this work will 
not be gone into here. 

Suffice it to say that in the processing of the film, 
the camera exposure is developed to a negative image. 
(See figure 2). 
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Instead of fixing the film at this point, the film is 
thoroughly washed. Now in each layer is the unex- 
posed and undeveloped silver which was not affected 
by the original camera exposure, as well as the devel- 
oped negative image. Each of these layers is now 
selectively exposed to colored light, and each is devel- 
oped with a new type of developer known as a dye- 
coupler developer. These developers have properties 
which enable them to deposit a dye proportionate to 
the amount of silver developed. Thus, the top layer 
of the film, which was blue-violet-sensitive, can be 
developed to its complementary color with a yellow 
color-forming developer. The second layer, which 
was green-sensitive, can be developed to its comple- 
mentary with a magenta color-forming developer. 
And the bottom layer, which recorded the red image, 
can be developed with a cyan color-forming developer. 

After these colors are formed, all of the silver form- 
ing both the primary negative image and the sec- 
ondary positive image is bleached out of the film. 
Thus, in the final image, there is no silver whatsoever 
in any of the layers, and each layer contains a portion 
of yellow, magenta, or cyan dye proportionate to the 
amount of negative image originally produced in each 
layer of the film. By referring to figure 2, you can see 
that if a series of colors—red, green, blue, white, and 
black—is photographed, it will affect all three layers 
of the film. Remember, a white-colored object reflects 
all colors of the light falling upon it. Since you can 
assume that red-colored objects reflect only red light, 
this part of the image will be formed in the bottom, - 
red-sensitive layer only. Objects reflecting green 
light will be recorded in the center layer. And objects 
reflecting blue-violet light will be recorded in the top 
layer. 

The film is then developed to a normal negative 
but is not fixed in hypo. Instead, as already stated 
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_ and as shown in the second step in figure 2, the re- 
maining silver grains in the film have been selectively 
exposed to blue, green, and red light and are devel- 
oped with the color-forming developers. In the last 
step all of the silver has been removed from the pri- 
mary and secondary images, leaving only the three 
layers of dye image representing a positive or REN ETAS 
image of the original camera exposure. 

Now it can be seen that when a Kodachrome posi- 
tive transparency is projected or viewed by trans- 
mitted light, the three layers of film, each dyed with 
a complemetary. color, can selectively absorb parts 
of the light by which the film is projected or viewed. 
The area on the film where the red object was re- 
corded is now represented by a layer of magenta dye 
with a layer of yellow dye superimposed over it. The 
magenta absorbs green from the light, and the yel- 
low dye absorbs blue-violet; only red light is trans- 
mutted in this area. In the section where green light 
affected the film, you have now a layer of cyan and 
yellow dye superimposed. The yellow absorbs blue- 
violet light, and the cyan absorbs red light; only green 
light is seen coming through this area. The area on 
the film where blue-violet was recorded is now repre- 
sented by magenta superimposed on cyan. The ma- 
genta absorbs green light, the cyan absorbs red light; 
only blue-violet light is transmitted. Where black is 
recorded on the film, it has no effect on any of the 
layers. Thus, a complementary dye pigment is formed 
in each layer, and each absorbs a portion of the spec- 
trum, so that area in the projected picture appears 
black. In the area where white light affects the film 
and all three layers are exposed and the silver re- 
moved, there is no silver left to form a complementary 
color image, and therefore light passes through all 
three layers here and appears on the screen or to the 
eye as white light. 
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HOW WARM IS BLUE? 


The temperatures you are most concerned about in 
everyday life are those you FEEL. Sunshine on a sum- 
mer day makes you perspire. The lack of sunshine 
on a winter day makes you shiver. But sunshine— 
and all other light—has a different sort of tempera- 
ture which will concern your life as a photographer. 

Light has “coLoR TEMPERATURE.” You don’t feel 
it but it’s definitely there. A. thermometer measures 
the heat you feel and a color temperature meter gives 
you a comparative measurement of the “heat” you 

ee.” For scientific color photography, you need to 
know something of these temperatures and the bal- 
ancing of colors according to their “warmth.” 

In order that a film such as Kodachrome can be 
used to represent satisfactorily the colors of a subject 
as it appears to the eye, it is necessary to make the 
relative color sensitivity of each of the three emulsion 
layers conform to the color characteristics of the light 
illuminating the subject. The color quality of light 
sources, such as sunlight, tungsten lamps, Photo- 
floods and others, is referred to as color temperature. 

This is usually expressed in degrees Kelvin. Kel- 
vin, like Fahrenheit and Centigrade, is a name given 
to a scale for measuring temperature. Kelvin par- 
ticularly means the temperature to which a “black 
body” must be heated in order to emit light of the 
color required. The Kelvin scale has its zero at 
—273° Centigrade. Thus, a red-hot stove poker which 
has an actual temperature of, say, 1,800° Centigrade 
would have a color temperature of 2,073° Kelvin. As 
the Centigrade temperature of an object is raised, 
it emits more visible blue light and produces a rela- 
tively higher color temperature. 

The average, year-around color temperature of 
noon sunlight—without taking into consideration the 
effect of blue sky—is about 5,400° K, Normally, in 
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making pictures outdoors, a certain amount of light 
falling on a subject comes from the sky, which has a 
much higher color temperature. The mixture of 
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FINAL BALANCE 
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Figure 3—How Kodachrome films are color- 
balanced. B, G and R stand for blue, 
green and red. 

direct sunlight and blue sky, which normally prevails 
during the greater part of a sunshiny day, has a color 
temperature of approximately 6,100° K. The day- 
light type of Kodachrome film, used in 16 and 18-mm. 
movie cameras and in cameras using 35-mm. film and 
Kodachrome Professional film, is color-balanced to 
this color temperature. (See figure 3.) 

Early in the morning and late in the afternoon, the 
direct rays of light from the sun are much redder than 
at noon. The color temperature of sunlight at these 
times will vary greatly from the color temperature 
of the noonday sun. This will be evidenced in pictures 
made on Kodachrome film at such times. A slate 
gray deckhouse on a ship would have a pinkish tinge 
in the picture. 

The light from an overcast sky will be approxi- 
mately 6,500° K., while clear blue sky light alone will 
produce color temperatures ranging from 12,000 to 
26,000° K. Thus, pictures made of subjects illumi- 
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nated principally with blue sky light will appear ex- 
cessively biue. 

For use indoors with artificial light, Type A Koda- 
chrome film is available. This is color-balanced to 
match the color of the illumination produced by 
Photoflood Lamps which, when burned on 115-volt 
lines, produce a color temperature of 3,400° K. 
Type A Kodachrome is color-balanced for approxi- 
mately this color temperature. (See figure 3.) Since 
Photoflood illumination is rich in red-orange radia- 
tions and deficient in blue-violet radiations as com- 
pared with sunlight, the color quality of Photoflood 
is much redder than noonday sunlight. Therefore, it 
requires a film which is extremely sensitive to blue- 
violet in order to-color-balance with it suitably. 

Kodachrome Professional film Type B is suitably 
color-balanced to about 3,200° K., which is the color 
temperature produced by most studio types of Mazda 
lamps. 

To summarize — Kodachrome daylight films, 
both regular and professional, are color-balanced 
to 6,100° K., Kodachrome Type A to 3,400° K., 
and Kodachrome Type B Professional to 3,200° K. 
For best rendition, each of these types of film 

should, whenever possible, be used in the type of 
illumination for which it was color-balanced. “Un- 
balanced” exposure—the wrong type of film for the 
existing light—may produce rather interesting re- 
sults but far from a true reproduction of the colors 
of the subject. 

For example, if Type A or Type B Kodachrome 
is used in daylight, the over-all effect is definitely 
toward the blue. Reds tend to be deep crimson or 
brown, greens run to blue-green, yellowish greens 
like grass come out a brilliant green. If daylight 
Kodachrome is used with tungsten or Photoflood 
illumination, orange or orange-red predominates. 
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Blues lean toward brown, reds are intense, greens 
take on an olive-green tint, and yellows and whites 
tend to become orange. 

Under some circumstances, when the color tem- 
perature of an artificial light source is within 300 or 
400° K. of the temperature for which the film is color- 
balanced, it is possible, by the proper selection and 
use of certain special color filters, to compensate for 
these differences so that a satisfactory color result 
will be obtained in the finished picture. 


COLOR METER AND FILTERS 


Now you know about the theory of color tempera- 
ture and color balance. So what? So you can apply 
it in actual practice. So you can outsmart the ele- 
ments which conspire to deprive you of maximum 
success in color photography. So you can better un- 
derstand the function of color compensating filters. 

The fact that Kodachrome films are color-balanced 
for various types of illumination does not mean that 
the rest of the job is all cut and dried for you. 
Plainly, you need to find out the color temperature 
of the light source under which you are “shooting.” 
Having discovered that, you may have to tip the bal- 
ancing scales one way or the other by employing 
special color correction filters. 

In order to determine with a reasonable degree of 
accuracy whether or not the light source employed is 
suitable for use with a certain type of Kodachrome 
film, it is advisable to measure the color temperature 
of the light source. 

This can be done with the Color Temperature 
Meter shown in figure 4, manufactured specifically 
for this purpose. While this meter is designed pri- 
marily for measuring the color temperature of 
tungsten and Photoflood light sources, it can also be 
used outdoors in measuring sunlight when the color 
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temperature of the light does not exceed 6,000 or 
7,000° K. : 





Figure 4—Color temperature meter. 


Suitable filters, identified as CC or Color Compen- 
sating filters, are supplied with this meter. They can 
be used to compensate (make up) for slight differ- 


ences between the color temperature of the light - 


source and the color temperature for which the film 
is balanced. Color correction filters available for use 
with Kodachrome film include primary color absorb- 
ing filters, color temperature correction filters, photo- 
metric filters for photographic use, and ultraviolet 
absorbing filters. 

What is each of them for and how do you use them? 

PRIMARY COLOR ABSORBING FILTERS—This group in 
the Color Compensating (CC) series consists of pale 
absorption filters in three colors and in three concen- 
trations of color. They are yellow, magenta, and cyan 
in color and are designed to absorb different amounts 
of the primary colors, blue, green and red, as indi- 
cated in the table below. They can be used singly 
or in combination with themselves or other filters to 
introduce slight corrections in the various applica- 
tions of color photography. Such corrections are 
often required, for example, when unusual light 
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sources are used, or when heat-absorbing or opal 
glass is used in an optical system. 

The colors and relative strengths of these filters are 
as follows— 


Approximate Ex- 
posure Increase 


Pale Cyan with Color 
Relative Pale Yellow Pale Magenta (Blue-Green) Films or Pan- 
Concentrations (absorb blue) (absorb green) (absorb red) chromatic Film 
yy, CC28 CC33 CCA3 *Negligible 
1 CC24 CC34 CC44 *Negligible 
2 CC25 CC35 CC45 4 stop 


* While the factor for a single filter is negligible, exposures should be increased 
about 14 stop if two or three of these filters are used together. 


“Relative concentration” refers to the density of 
the color in the filters. For example, the CC25 filter 
is twice as dark as the CC24, and the CC33 is only 
half as dark as the CC34. 

_ These filters are available in 2 and 3-inch gelatin 
squares and in 2 and 3-inch “B” glass squares. 

Primary absorbing filters may be used for six pur- 
poses— 

To correct for deficiencies in the color of the light 
by which Kodachrome originals must occasionally be 
exposed. Specific recommendations for this use of the 
new CC filters are as follows— 


Film Light Source Recommended Filters 
All Daylight Type Daylight Fluorescent CC33 
Kodachrome Films White Flame Carbon CC23 
Arcs 
Type A Kodachrome White Fluorescent CC34 
Film 
Type B Kodachrome White Fluorescent CC25 plus CC34 
Film . 


To produce slight corrections in light sources used 
in making Kodachrome duplicates. For example, if 
the duplicates are definitely greenish, one of the pale 
magenta filters (CC33 or CC34) can be used over 
the camera lens. If too pink, the CC43 or CC44 may 
be satisfactory, or the CC43 and CC23 combined may 
give proper correction. It is impossible to make 
specific recommendations, and the only satisfactory 
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method is to select the proper filters by experiment. 

To correct an undesirable over-all tint of color in 
a Kodachrome transparency which is to be dupli- 
cated or color printed. Every situation is likely to be 
different, so general rules cannot be set down. Use 
of the filters for this purpose is largely a matter of 
trial and experience. | 

To compensate for variations in different batches 
of plates and films used in one-shot color cameras. 
Heretofore, this has been done by combining neutral 
density filters with the tricolor filters inside the 
camera. The same result may sometimes be achieved 
more easily by using CC filters over the camera lens. 
Chances are slight that you will ever need to use CC 
filters for this purpose, so it will not be dealt with 
here. If detailed information is needed, it may be 
obtained from manufacturers of the filters. 

To compensate for the strong red absorption of sea 
water in submarine photography with Kodachrome, 
the magenta and yellow filters are used. Since the 
color of water varies with location and depth, no 
specific recommendations can be made. 

To modify the color balance of miniature Koda- 
chrome transparencies which show over-all tints of 
color in viewing or projection. Pieces of the gelatin 
filters can be mounted in glass slides with the trans- 
parencies. 

CoLOR TEMPERATURE CONVERSION FILTERS.—This 
group 1s for use with the color temperature meter to 
raise or lower the color quality of the illumination. 
Without a meter they are of no use unless selection 
of the proper filter is made by a tedious trial-and- 
error method. In that respect their use differs from 
that of the primary color absorbing filters. The latter 
can be designated for certain films and light sources, 
and can be used under those certain conditions with- 
out employing a meter at all. 
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Use of the two types of filters can be differentiated 
in another way. The primary color absorbers correct 
for basic and known differences between the light 
source and the film. The color temperature converters 
are used primarily for correcting variations of a light 
source from the normal temperature for that source. 
Color temperature conversion filters might be used, 
for example, when a No. 1 Photoflood lamp, which 
is supposed to have a color temperature of 2,509° K.., 
is found instead to have only 2,450°. 

To carry color balance to a high degree of exact- 
ness, temperature conversion filters are used. And 
that means a meter must be used also. 

The seven color temperature conversion filters 
are— : 


Blue filters to( CC3 Light CC13 
raise effective ) CC4 Yellow filters to 
color’ tempera- ) CC5 Medium CC14 lower effective color 
ture = CC6 Dark CCi5 ) *m™perature. 


These filters are especially helpful in exposing 
Type B Professional Kodachrome, which is adjusted 
for a color temperature of 3,200° -K. When the exist- 
ing color temperature is slightly lower or higher than 
3,200° K., the proper filter for Type B Kodachrome 
can be selected by means of the color temperature 
meter. Here is the way you do it— 


Set the scale of the meter at 3,200° K. .. and 
observe the quality of the illumination. If the field 
of the meter is not in color balance, maintain the 
3,200° setting and select from the set of compensa- 
tors, .by trial and error, the filter which restores the 
balance, holding the filter over the objective of the 
meter. The filter which restores the balance in the 
meter is the one which should be used over the lens 
of the camera when making an exposure to assure 
satisfactory color rendering. 
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These filters, with the exception of the CC5 and 
CC6, are quite pale and absorb so little light that no 
allowance in exposure need be made. The CC5 filter 
requires about one-half stop more exposure than is 
indicated by an exposure meter, the CC6 filter about 
one stop more. 

Color temperature conversion filters are available 
either separately or in sets of seven in 2 and 3-inch 
gelatin squares and in 2 and 3-inch “B” glass squares. 

Specific uses for these filters are indicated here— 


Film Light Source Recommended Filter 
Type A Kodachrome Photoflash lamps (wire- CC15 
filled or shredded foil) 
Type A Kodachrome 8,200° K. lamps CC4 
Daylight Kodachrome Kodatron flash tube, CC15 
Type I. 


Note. No filter is required with the Type II Kodatron flash tube, 
although warmer effects can be obtained, if desired, by using a Wrat- 
ten No. 1 filter. 

PHOTOMETRIC FILTERS FoR PHOTOGRAPHIC Usr— 
Certain of the filters in the Wratten Photometric 
series have been designed for specific photographic 
purposes. These are as follows— 


Filter Color Purpose 
Wratten No. 79 — Bluish Photographic compensator} 
2,415° K. to 5,400° K. (sun- 
light). 


Kodachrome Filters 


Kodachrome Filter Bluish Permits use of daylight type 
for Photoflood Kodachrome with Photoflood. 
(Wratten No. 80) However, for best results and 
shorter exposures with Photo- 
flood, Type A Kodachrome 


without a filter is  recom- 


mended. 
TypeA Kodachrome Yellowish Permits use of Type A Koda- 
Filter for Daylight chrome in daylight. 


(Wratten No. 85) 

TypeB Kodachrome Yellowish Permits use of Type B Koda- 
Filter for Daylight chrome in daylight. 

(Wratten No. 85B) 
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‘he Kodachrome filters are available in series sizes 
for use with Kodak Combination Lens Attachments. 
On special order, all of the above filters can bé obtained 
in gelatin squares or in “B” glass squares or circles. 

ULTRAVIOLET ABSORBING FILTERS—The following 
two Wratten Filters are relatively colorless and are 
used to absorb ultraviolet light as indicated. 


Kodachrome Haze Filter Absorbs ultraviolet 
(Wratten No. 1) below 3,600° 


Wratten No, 2A Absorbs ultraviolet 
| below 4,100° 

The Wratten No. 2A Filter can be used with 
Kodachrome in place of the Wratten No. 1 Filter to 
obtain slightly improved penetration of atmospheric 
haze in high-altitude and aerial shots. The No. 2A 
Filter also affords a warmer effect than the No. 1 for 
pictures taken on an overcast day or in the shade un- 
der a clear blue sky. 

The Wratten No. 2A Filter is also recommended 
for exposures on Type B Kodachrome with wire- 
filled or shredded-foil Photoflash Lamps. 

These filters are available in series sizes for use with 
the Kodak combination lens attachment, or on special 
order in gelatin squares or in “B” glass squares or 
circles. 

Certain Wratten filters, such as the yellow K, 
orange G, and red A or F, can be used in black-and- 
white photography to eliminate haze in the photo- 
graph. Consequently, many color workers have been 
led to believe that the Kodachrome haze filter would 
eliminate all haze from color pictures, Actually, the 
Kodachrome haze filter is not a haze filter in this 
sense of the word, because it does not alter the rendi- 
tion of vIsIBLE haze in a processed Kodachrome film. 
What it does do is to eliminate the INVISIBLE haze 
which affects a picture even though the eye cannot 
see it. 
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Haze includes ultraviolet radiations, most of which 
are not transmitted by glass lenses and therefore do 
not alter the photograph. But some near-ultraviolet 
radiations, while just beyond the range of vision, are 
of sufficiently long wave length to be transmitted by 
glass. These waves are recorded on the top blue- 
violet-sensitive layer of Kodachrome film. This would 
cause excessive bluishness in the final transparency. 

The haze filter absorbs these near-ultraviolet radia- 
tions, so that the colors in the finished film are more 
nearly as you saw them. The Kodachrome haze filter 
does not cut out the visible blue-violet which you see 
in distant hilly or mountain scenes. There is no way 
to do that. Neither does the haze filter affect the ren- 
dition of smoke or fog which sometimes are errone- 
ously called haze. 

Since the near-ultraviolet rays of light are not 
visible to the eye, it is a matter of conjecture on the 
part of the photographer when it is advisable to em- 
ploy this filter. Since the Kodachrome Haze Filter 
does not change the monochromatic (one-color) ren- 
dition of black-and-white pictures, and since it has no 
effect on Kodachrome film when no near-ultraviolet 
radiations are present, there is no harm in leaving this 
filter over the camera lens at all times. It can be ob- 
tained in the form of a gelatin filter and placed on the 
inside of the lens between two of the lens components, 
or it can be placed on the back of the lens inside the 
camera and left on for all pictures, both black-and- 
white and color. 


LIGHT SOURCES 


When it’s cooler it may be warmer! This double- 
talk has to do with another problem of light sources. 
On an overcast day the “weather temperature” is 
usually lower than when a bright sun is shining. But 
the color temperature is higher. The light on an over- 
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east day is bluer than it is under a mixture of sun- 
light and blue sky. 

Either direct sky light alone or the light from the 
north blue sky will be extremely blue and produce 
equivalent color temperatures much higher than that 
for which the film is balanced. As pointed out earlier, 
early morning and late afternoon sunlight have color 
temperatures lower than the film-balancing figure 
and therefore will result in pictures which are slightly 
on the reddish side. 

These instances should make it apparent to you 
that while the daylight and artificial hght types of 
Kodachrome film are specifically color-balanced to 
normal light sources, there are other light sources 
burning at other color temperatures which will be 
encountered under some circumstances. Three tables 
which follow will help you solve this problem. 

First, however, a word about artificial light sources 
used for photography. They include white flame arc 
lamps, high intensity sun are lamps, blue bulb Photo- 
flood lamps, fluorescent lamps, regular domestic 
tungsten lamps, and Mazda CP lamps. All of these, 
except the fluorescent lamps, can be used for color 
photography because their light source produces a 
continuous spectrum. The fluorescent type of lamp is 
not recommended where best color rendition is de- 
sired because these lamps do not produce a continuous 
spectrum. | | 

Among the arc lamps, the use of the white flame 
carbon arc and the high intensity sun arc is recom- 
mended. The white flame arc produces a color tem- 
perature of about 5,000° K., and the high intensity 
sun arc about 5,500° K. The proper filter to use with 
_ this light source with the daylight type Kodachrome 
film should be determined by photographic test. The 
Mazda CP lamps have a color temperature near 
enough to Photoflood lamps so that they can usually 
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be used without filters on Type A Kodachrome Film 
but they may require the use of a light yellow filter 
to balance for Kodachrome Professional film. 


KODACHROME SAFETY FILM, TYPE A 


This type is color-balanced for use with Photo- 
flood lamps, specifically for 3,450° K. 


Light Source Color Temp. °K—120 volts Filter Required 
No. 1 Photoflood 3450 No filter 
No. 2 Photoflood 3430 No filter 
No. 4 Photoflood 3415 No filter 
Movie Flood 3410 No filter 
R2 Photoflood 3430 No filter 
3,200° K. Lamps 3200 CC4 
_ Mazda CP Lamps 3380 No filter 
' Fluorescent lamps (not recommended for best color rendition) 
White 3500 CC34 | 
Daylight 6500 Type A Kodachrome Fil- 
ter for Daylight (No.85.) 
White flame arc 5000 (Determine by photo- 
graphic test) 
High intensity “sun” arc 5500 (Determine by photo- 
graphic test) 
Daylight mixture 6100 Type A Kodachrome Fil- 


Sunlight and skylight 


ter for Daylight (No. 85.) 


Meter Settings: Photoflood—Weston 12, G. E. 20; Sunlight, with Type 
A Kodachrome Filter for Daylight—Weston 8, G. E. 12. 





Color Temperature of Various Light Sources 


Kind of Lamp 
60-watt vacuum tungsten filament 
100-watt gas-filled tungsten filament 
500-watt gas-filled tungsten filament 
1000-watt gas-filled tungsten filament 
500-watt projection 
G. E. Mazda 8200° K. 
Mazda CP 
Movie flood 
1000-watt Photoflood (No. 4) 
R2 Photoflood  . 
500-watt Photoflood (No. 2) 
250-watt Photoflood (No. 1) 
Photoflash No. 21 | 
Daylight blue Photoflood 
White flame arc 
High intensity sun arc 
Daylight fluorescent 
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Color Temp. °K. 
» 2509 
2865 
2960 
2990 
8190 
3200 
8380 
8410 
3415 
8430 
8430 
8450 
8800 
4800 
5000 
5500 
6500 


KODACHROME SAFETY FILM (FOR DAYLIGHT) 


This film is color-balanced to a mixture of sunlight 
and skylight from two hours after sunrise to two 
hours before sunset. 


Light Source Color Temp. °K. Filter Required 


Noon sunlight—no skylight 5,400° CC light blue 
‘. —Sunlight plus skylight 
Midday hours*—few or no 
clouds in sky 6,100° No filter 
Sunlight plus skylight 
Morning & evening hourst 
few or no clouds in sky 2,400°-5,000° 


Sunlight-hazy, slightly overcast 
sky 5,800°-5,900° : 
Totally overcast approx. 6,500° Kodachrome Haze 
Filter 
Clear skylight alone 12,000°-26,000° 
Regular No. 1 Photofloodst 3,450° Kodachrome Filter for 
Photofloods (No. 80) 
White Flame Arc 5,000° Brigham Y1 (for 
absorption of ul- 
traviolet) 
Daylight Fluorescentt 6,500° 
Daylight Blue Photofloodst 4,800° 


* For the hours from two hours after sunrise until two hours before sunset. 
+ For the two hours after sunrise and the two hours before sunset. 

{ Not recommended for best color rendering. 

Note—The color temperatures ‘given above, which apply to front light- 
ing, may vary by 300° to 500° K., depending upon the time of year and 
geographical location. 


YOU DON'T FOOL THE CAMERA 


In addition to using color correction filters and 
selecting hght sources of proper color temperature, 
you should start early in developing your eye to see 
not only the effect of the changing color temperatures 
of light which takes place throughout the day, but 
also to detect the possible presence of colored light 
reflected onto the subject from other areas. 

A. yellow airplane is placed near the red brick wall 
of a hangar. The plane is photographed in this posi- 
tion and the final picture, instead of showing it as a 
yellow plane, renders it as an orange-colored plane. 


You are tempted to curse the film or the camera. Why 
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didn’t the yellow plane stay yellow? You should stop 
to realize that the red, brick wall reflected red light 
onto the yellow plane. Actually, the color of the 
plane was an orangy-yellow at the time it was photo- 
graphed. It didn’t look that way to you because you 
KNEW the plane was yellow and the wall red, and 
your brain didn’t mix the colors. 

Similarly, the reflection of blue light from the ay 
on water, or on black macadam roads, and from glass 
windows produces slight color distortions that would 
be evident to the eye were the eye trained to detect 
them. 

You fool yourself about the colors you see but you 
don’t fool your camera. Often you see things the way 
you want to, or according to the habit formed in your 
brain. The camera doesn’t have a brain to interfere 
with its discernment of color. 

In viewing various objects about you, you have 
trained your mind to make certain compensations. 
You never think of regular domestic tungsten light 
as being extremely yellowish compared to daylight. 
When you see a white object indoors at night under 
tungsten light you refer to it as white because you 
know that the same object out in daylight would ap- 
pear white. You do not stop to consider that under 
-artificial light the object is actually yellowish-white, 
whereas in daylight it 1s a bluish-white. The differ- 
ence which these two types of lighting have on the 
appearance of this white object is a matter of some 
3,500° K. However, you make the necessary subjec- 
tive compensation in your mind’s eye, so that you see 
this object as white under both types of lighting. 
Likewise, knowing that the plane is yellow, even 
though you may see that the red light from the brick 
hangar is being reflected on the plane, you still con- 
tinue to see it as yellow by making the necessary sub- 
jective compensation. 
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You must remember, however, that the camera Jens 
and color film do not make any subjective compensa- 
tion for these differences between color temperature 
of light sources or for the color of reflected light. 
Therefore, the single or accumulative effect of many 
of these factors may be evident in the finished color 
picture. Since the colors in the finished transparency 
may not always agree with the impression stored 
away in the brain of what you remembered the sub- 
ject to look like, you are often erroneously led to 
believe that the color process has failed. However, 
careful appraisal should be made of the effects which 
can be produced by changes in exposure, differences 
of color temperature, lighting contrast, reflected 
color, and other significant factors before an accurate 
appraisal of the color quality of the finished picture 
can be made. 


FIRST YOU DO, NOW YOU DON'T 


Contrast! That’s a cardinal principle of lighting 
for black-and-white photography. 

But LOOK OUT FOR CONTRAST in lighting for color 
photography. When you're dealing with color film, 
it’s easy to overdo it. 

Don’t confuse contrasting colors of the subject 
itself with contrasting illumination of the subject. 
Sharp differences of colors in the object being photo- 
graphed yield not only a more brilliant picture but 
also, in some cases, a more valuable one. On the other 
hand, extremes in LIGHTING will diminish the beauty 
and, more important, the effectiveness of a color 
photograph. 

In black-and-white photography you depend upon 
difference in light and shade as well as the angle of 
Ulumination to produce satisfactory monochromatic 
contrast. In color photography the differences be- 
tween colors usually provide sufficient contrast. 
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Black-and-white films have great latitude permitting 
the photography of subjects having sharp differences 
between the highest light and deepest shadow. Color 
films do not have this great latitude. Therefore, more 
attention has to be paid to exposure, direction of 
light, and subject contrast. | 

If Kodachrome films are to be duplicated or en- 
larged to form color prints, it is important that the 
relative highlight-to-shadow illumination be carefully 
controlled. All colors should be uniformly lighted, 
since, as already stated, differences between colors 
usually provide the necessary contrast in color pho- 
tography. THIs MEANS THAT A PREDOMINANT FRONT 
LIGHTING SHOULD BE EMPLOYED, AND THE SUN 
SHOULD BE BACK OF THE PHOTOGRAPHER WHENEVER 
PRACTICAL, The exception to this rule is that when 
the subject is all of one color or contains no color 
contrast, a side or back light can be used. With sub- 
jects of normal contrast the use of side or back light- 
ing may increase the effective subject contrast to 
points beyond the latitude of the film. © 

You can pin down this thought by a simply-stated 
guide: | 

-In_ black-and-white photography, EXPoOsE FOR 

THE SHADOWS and DEVELOP FOR THE HIGHLIGHTS. 

In color photography, EXPOSE FOR THE HIGH- 
LIGHTS and LIGHT FOR THE SHADOWS. 


In making pictures indoors by artificial light, the 
general key or modeling light (about which you 
learned in Chapter 5 of Volume 1) should be placed 
first. The lamps used to illuminate the shadow areas 
are arranged last. The lighting contrast. or relative 
intensity of the key and shadow illumination on a 
subject can be determined by using a photoelectric 
exposure meter to measure the illumination (incident 
light) at several points. 
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A meter used in this manner reads the light direct 
from the source and not the light reflected from the 
subject as in the usual manner. When a meter is so 
used, it should be fitted with an opal glass plus a 
suitable neutral density filter so- that the intensity of 
the light falling on the cell will be within the measur- 
ing capacity of the meter. In this way, when the 
general or key illumination is read, the meter is 
placed near the subject. Then the same light falling 
on the subject falls on the sensitive cell with the meter 
pointing toward the camera lens. When the illumina- 
tion falling on the shadow area is to read, the 
meter should be placed in the shadow areas. Then 
only the shadow illumination falls on it, and it is 
shielded from any illumination from the direct key 
lights. 

“Tt is also possible to measure the subject brightness 
by using the meter in the conventional manner— 
place a white or gray card in the plane of the subject, 
first measure the light used for key lighting and then 
the light reflected from the shadow areas. 


Illumination (Incident Light) in Foot Candles for Movies and Stills 
Lens Aperture f/1.9 f/28 f/40 f/56 f/8 
Sound 
Type A Kodachrome 24 frames 300 650 1300 2600 65200 
16-mm. 
Silent 
16 frames 200 435 870 1740 3500 
Kodachrome Profes- 


sional, Type B 1/10 sec. 750 1500 3000 
(Bellows draw 1.2) 1 sec. 15 150 300 
Miniature Kodachrome 1/25 sec. 150 325 650 1300 2600 
35-mm. 1 sec. 6 13 26 52 104 


This table is for average subjects containing some light, some medium 
and some dark colors. If a subject is composed entirely of very light 
pastel colors, at least one-half stop smatier should be used. For sub- 
jects composed almost entirely of dark colors, at least one-half stop 
LARGER is recommended. Slight differences in lamp-to-subject distances 
affect illumination intensity. Do not move lamps after final light 
measurement has been taken. 


The permissible ratio of key to shadow illumination 
is somewhat flexible, depending on the color contrast 
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and the extent of light and dark areas of the subject. 
A VERY SATISFACTORY RATIO IS 2 OR 8 TO 1, especially 
when duplicate transparencies or enlargements are 
required. The key illumination should be only 2 or 
3 times brighter than the shadow illumination. If you 
use a 1,000-watt or 1,500-watt lamp for the key light, 
you should have a 500-watt lamp to illuminate the 
shadows. For color work in general, the lighting con- 
trast SHOULD NEVER EXCEED 4 TO 1 when duplication 
is intended. That is, if the Key light on the scene 
produces a meter reading of 400 foot candles, the 
shadow area should be so illuminated that a reading 
of at least 100 foot candles will result. For best re- 
sults the shadow illumination should read approxi- 
mately 200 foot candles. 

Here is another place where you don’t want to get 
fouled up on terms. Illumination ratio is something 
quite different from the brightness range of the sub- 
ject. It is the range in tone from lightest to darkest 
areas of the subject itself. Brightness range is gov- 
erned by both the illumination and the reflecting 
power of the various parts of the scene. The bright- 
ness range of the subject when small areas are meas- 
ured with a photometer should usually not exceed 
20 to 1 if good color rendition is desired in the light- 
est and darkest areas. 

In making pictures outdoors, the ratio of the sun- 
lighted highlight to sky-lighted shadow areas is 
usually much too high for good color rendition of 
both extremes. In order to illuminate the shadow 
areas, particularly in close-ups of people, so that the 
lighting contrast will not be greater than 2 or 3 to 1, 
reflectors may have to be employed. These can be 
used to reflect direct sunlight into the darker or 
shadow areas and reduce the contrast. This is espe- 
cially important in cases where the subject is either 
side-lighted or back-lighted. For this purpose, tin 
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foil, pure white cardboard, and sometimes mirrors are 
employed. When aluminum paint is used on a smooth 
surface, it provides a “hard” mirrorlike spot of bright 
light. When used on a rough surface, it provides a 
“soft” diffuse light. 

Under some circumstances where it is not practical 
to use reflectors, it is often necessary to supplement 
daylight with artificial light of suitable color to bal- 
ance with it. This can be achieved by use of certain 
light sources which are close to daylight in color tem- 
perature or which can be filtered to match the color 
of daylight. 

One suitable illuminant is the carbon arc lamp 
fitted with white flame carbons and using the Brig- 
ham Y1 Filter over the arc lamp. Another is the 
Mazda CP Lamps with the Macbeth Whiter Light 
Filter used over the lamps. The carbon arc lamps 
supply a higher illumination level; the Mazda Lamps 
supply a more constant color source. Another choice 
is the blue bulb photoflood lamp which would provide 
a fairly satisfactory color balance but should not be 
employed when flesh tones are part of the scene. The 
blue bulb Photoflood lamps produce a color tempera- 
ture of about 4,800° K., and should not be used as 
the only light source with daylight Kodachrome film. 
The blue bulb Photoflash lamps G.E. 5B or 21B 
(6,300°K.) are recommended for still color pictures 
on any daylight type of Kodachrome film. 


EXPOSURE OF KODACHROME 


E.xposure.is no guessing game. Improper exposure 
is bad enough in black-and-white photography. It’s 
WworsE in color photography. Color films have less 
exposure latitude than black-and-white films. 

Overexposure of Kodachrome results in a thin 
image, underexposure in a dense image. Grasp that 
thought thoroughly. The original exposure creates 
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the negative image. The positive image is obtained 
from that portion of the unexposed silver halide 
remaining after the development of the negative. 

If the film is overexposed, too great a proportion 
of the silver halide of the emulsion is reduced to sil- 
ver. Consequently there will be too little silver halide 
remaining to form the correct positive image. The 
positive will be too thin. If the film is underexposed, 
too little of the silver halide is used for the negative 
and thus too much silver remains for the positive. 
The positive will be too heavy. 

Eventually—perhaps even now if you have had 
considerable experience—you will be able to get good 
color shots fairly consistently by estimating the 
proper exposure without the aid of any gadgets and 
guides. But there’s no sense in taking a chance on 
wasting film or getting a mediocre picture when you 
can do it rigHT by following one of three general 
priciples— 

The use of exposure computers, such as the 
Kodak Kodaguides. 

The use of exposure tables supplied by film 
manufacturers or computed from practical tests or 
based upon experience. 

The use of photoelectric or other types of light- 
measuring devices known as exposure meters. 


A careful study of various devices employed for 
determining exposure indicates that under practically 
all conditions a computer, such as the Kodaguides or 
the exposure tables provided by the manufacturers on 
which Kodaguides are based, furnishes the most 
satisfactory index to the required exposure. These 
computers and tables have been tested by the expo- 
sure of millions of feet of 16-mm. motion picture film 
and millions of still pictures on Kodachrome film. 
Evidence from these tests was further corroborated 
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by observing the results obtained by photographers 
in all parts of the world when these computers and 
guides were employed. Thus, it has been demon- 
strated that for the limited daylight conditions which 
are described in the various simple exposure devices, 
when used by either skilled or unskilled photog- 
raphers, the highest Berean percentage of good 
pictures results. 

In tests made on the use of photoelectric exposure 
meters, exemplified by the Weston and General Elec- 
tric meters, picture results are satisfactory when the 
meter is used properly and calibrated to the type of 
camera and shutter speeds normally employed. Such 
meters can render valuable assistance in unusual 
lighting conditions, such as in the shade or at times of 
day or under sky conditions which cannot be classified 
by the computers or exposure tables. 

The probable explanation of the excellent results 
obtained with simple calculators.and exposure tables 
lies in the fact that the correct exposure for Koda- 
chrome appears to depend on highlight rather than 
shadow detail. The highlight brightness of a scene 
is usually directly proportional to illumination, and, 
therefore, highlight brightness tends to be as constant 
as the intensity of sunlight itself. On the other hand, 
black-and-white negative materials depend quite 
definitely on shadow detail in estimating the required 
exposure. Shadow detail is related to scene structure 
in addition to total illumination. 

One important matter to be considered in exposing 
Kodachrome film is the use to which the film will be 
put. If it is to be used as a transparency for projec- 
tion, exposure requirements are somewhat different 
than if it is to be duplicated or processed into a color 
print. Standard recommendations are intended to 
yield the most suitable quality for projection of the 
original films. That is, in the case of miniature films 
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(stills) or motion picture film, the quality of 
the original is such as to be as transparent as possible 
on projection, consistent with good modeling in high- 
’ lights and good transparency in shadows. 

On the other hand, a Kodachrome film which is to 
be used as an original for duplicating purposes can 
with benefit be darker and more strongly modeled in 
the highlights. This type of quality results when less 
exposure is given than is normally required for the 
best projection quality. The difference is usually one- 
half stop smaller than is required for projection 
originals. Therefore, in cases where the original film 
is to be used for duplicating, lens settings given in 
exposure calculators and tables should be modified 
accordingly. 

Here is an outline of the technique for obtaining 
correct exposure— 

Experienced pioloarapher working with Koda- 
chrome film carry both the Kodak Kodaguide or the 
Cine-Kodak Universal Guide attached to the camera, 
and a photoelectric type of meter, either Weston or 
General Electric. 

For subjects in bright sunlight, the photographer 
always uses the Kodaguide. The readings are used 
directly when exposing film for projection. The read- 
ings are modified by about one-half stop when the 
original is intended for duplication. 

Under conditions not readily adaptable on the 
Kodaguide calculator, the meter is used. It is not 
used, however, to measure reflected light but is used 
basically as an illumination meter. A matte-surfaced 
gray card is held in front of the meter and in the sub- 
ject plane, if practical. The card is moved about until 
the meter reading is a maximum. The card, meter, 
and camera combination is calibrated photographi- 
cally beforehand as described in the next paragraph, 
to determine whatever film setting should be used. 
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Before use and at periodic intervals thereafter, the 
meter is photographically calibrated by the man who 
uses it. He makes meter readings of the card and 
takes a series of pictures, differing in exposure, of 
customary subject matter. From the results of this 
series of trial exposures, an appropriate film setting 
is obtained. The film settings supplied by film manu- 
facturers, while intended for average brightness 
measurement from the camera position, should be 
regarded preferably as a basis for making such a trial. 

The measurement of illumination does not allow 
for predominantly light or dark subjects and since 
some compensation must be made for these you must 
estimate whether the subject falls in either of these 
categories or allow half a stop for them. For ex- 
tremely light subjects, such as snow, or white sand, 
etc., one stop is allowed. This, however, is done by 
estimation and not measurement with the meter. 


_ The meter is not used where it is likely to suffer 
shock or concussion or be subiect to strong mag- 
netic influences. 

The American Emergency Standard - Photo- 
graphic Exposure Computer is not intended for 
the determination of exposure with Kodachrome 
Film and probably will not provide consistently 
satisfactory results with it. This computer is in- 
tended solely for black-and-white negative film. 
Photoelectric exposure meters, while delicate in- 

struments, nevertheless will stand considerable han- 
dling and general usage. Such meters should be 
checked at frequent intervals against standard meters 
to make sure that they are not out of adjustment and 
are functioning properly. They should be kept clean 
and protected from natural corrosion produced by 
use in climates having high humidity or conditions 
wherein the salt or moisture in the air will affect 
metallic parts. 
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By carefully studying tables and computers, you 
can become familiar enough with the range of average 
light intensities to be able to judge quickly or esti- 
mate exposure without picture-by-picture reference 
to such computers or guides. 


EXPOSURE TABLES 


Don’t worry about trying to memorize the figures 
and information in the following tables and others 
appearing in this chapter. Look them over with an 
idea of observing the general principles. Then you 
may consult the applicable table whenever you need 
to. , 


Daylight Exposure Table—Still Cameras 


Kodachrome Regular, Lens Apertures at 1/50 Second: Shutter Speed. ° 


Basic 
Exposure Light- Dark- Side- Back- 
Lighting for Average Colored Colored Lighted Lighted 
Subjects Subjects Subjects Subjects Subjects 
Bright, direct sun- Between Between 
ight £/5.6 & £/8 £/8 £/5.6 £/5.6 & £/8* £/4.5* 
Weak, hazy sun— 
no distinct shad- 
ows cast £/4.5 £/5.6 £/4 
Sky overcast— 
cloudy but bright £/3.5 £/4 £/2.8 
Open shade on _ Between 
bright day £/2 & £/2.8 £/2.8 £/2 


* Assuming shadow areas are unimportant. With close-ups having important shadow . 
areas, use one full stop larger. 


Daylight Exposure Table—Still Cameras 


Kodachrome Professional Film Daylight Type 
Lens apertures at 1/25 second shutter speed. 


Basic 
Exposure Light- Dark- Side- Back- 
Lighting for Average Colored Colored Lighted Lighted 
Subjects Subjects Subjects Subjects Subjects 
Bright, direct sun- Between Between 
light £/8-£/11 f/11 £/8 £/8-£/11* £/6.3* 
Weak, hazy sun— 
o distinct 
shadows cast £/6.3 £/8 £/5.6 
Sky overcast— 
Cloudy but bright £/4.5 £/5.6 £/4 
Open shade on 
bright day £/3.5 £/4 £/2.8 


* Assuming shadow areas are unimportant. With close-ups having important shadow 
areas, use one full stop larger. 
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Daylight Exposure Table—Motion Picture Cameras 


With 8-mm. and 16-mm. Kodachrome, at 16 Frames per Second (1/30 Second 
Shutter Speed). 


Basic 
Exposure Light- Dark- Side- Back- 
Lighting for Average Colored Colored Lighted Lighted 
Subjects Subjects Subjects Subjects Subjects 
Bright, direct sun- Between Between 
light £/8 f/8-£/11  £/5.6-£/8 £/8* £/5.6* 
Weak, hazy sun— 
No distinct Between Between 
shadows cast £/5.6 £/5.6-£/8 £/4-£/5.6 
Sky overcast— Between Between 
Cloudy but bright £/4 £/4-£/5.6 £/2.8-£/4 
Open shade on Between’ Between 
bright day £/2.8 £/2.8-£/4 £/1.9-£/2.8 


* Assuming shadow areas are unimportant. With close-ups having important shadow 
areas, use one full stop larger. 


Photoflood Exposure Table—Still Cameras 
Basic Exposure Table for Kodachrome Type A with Photofloods in 


Reflectors 
Shutter Number No. 1 Photoflood Lamps 
Speed in of 
Seconds Lamps f/2 £/2.8 £/3.5 £/4 £/4.5 £/5.6 
1/25 2 6 ft. 4 ft. 3% ft. 3. ft. 
or 3 7 ft. 5. ft. 4 ft. 3% ft. 3% ft. 
1/20 4 8 ft. 6 ft. 4% ft. 4 ft. 3% ft. 3. ft. 
1/5 2 13 ft. oY ft. 7 ft. 6% ft. 6 ft. 4%, ft. 
or 3 16 ft. 11% ft. 9 ft. 8 ft. 714 ft. 514 ft. 
1/4 4 19 ft. 13s ft. 11s ft. OY ft 84 ft. 6% ft. 
2 30 ft. 21 “ft. 17_—s ft. 15 ft. 13 ft... 10s ft. 
1 3 37 ft. 26 ft. or - th 18 ft. 16s ft. 13 ft. 
4 42 ft. 31 sft. 24 sft. 21 sft. 19 ft. 15 ft. 


Photoflash Exposure Table 
For Open-Flash Exposures with Kodachrome 


Type A and 1-No. 11 Lamp in Reflector with CC15 Filter. 


Distance Lamp to 
Subject (ft.) 6 9 
f/16 f/11 


13 17 19 23 25 


Lens Aperture f/8 £/6.3 £/5.6 £/4.5 f/4 
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Exposure Table—3,200° Kelvin Lamps 
Basic exposure table for Kodachrome Professional Film Type B 
with two 500-watt A25 3,200° K. Mazda Lamps, using the matte 


side of Kodaflector reflectors (or other reflectors of comparable 
efficiency ). 


Lamp-to-Subject Distance Diaphragm Opening at 
1 Second Exposure 
7 ft. f/8 
10 ft. £/5.6 
14 ft. £ /4 
20 ft. £/2.8 


This table is for average-colored subjects. 

For dark-colored subjects give 4% diaphragm opening more 
exposure. | 

For light-colored subjects give 4% diaphragm opening less 
exposure. 


Photoflash Exposure Table, Kodachrome Professional Film 
Type B (With Wratten No. 2A Filter) 


For Open-Flash Exposures with Kodachrome Professional Film Type B and 
Wratten No. 2A Filter, and with Mazda Photoflash Lamps in 
Large Studio Reflectors 


Distance in Feet . Number of No. 22 Lamps Number of No. 50 Lamps 
From Lamps to 1 2 4 8 1 2 4 8 
Subject f/ apertures {/ - apertures 
18 
7u% 16 22 
12.5 18 25 18 25 
11 11 16 22 1 22 
13 9 12.5 18 25 12.5 18 25 
15 8 11 16 22 11 16 22 
18 6.3 9 12.5 18 9 12.5 18 25 
21 5.6 8 11 16 8 11 16 22 
25 4.5 6.3 9 12.5 6.3 9 12.5 18 
30 4.0 5.6 8 11 5.6 8 11 16 
35 3.5 4.5 6.3 9 4.5 6.3 9 12.5 
40 2.8 4.0 5.6 8 4.0 5.6 8 11 
50 3.5 4.5 6.3 3.5 4.5 6.3 9 
60 2.8 4.0 5.6 2.8 4.0 5.6 8 
70 3.5 4.5 3.5 4.5 6.3 
80 2.8 4.0 2.8 4.0 5.6 
95 3.5 3.5 4.5 


The above values apply when light from all lamps is directed at 
the same part of the subject, and when exposures are made in 
rooms with light-colored walls and ceilings. Outdoors at night or 
indoors with dark-colored surroundings or dark-colored objects, 
use two lens openings larger. 

This table is intended as a guide which may be modified by 
trial to suit the photographer’s own working conditions. It will 


apply strictly only when all lamps are at the same distance from 
the subject. 
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Photoflash Guide Numbers for Use with the Kodak Senior 
: Synchronizer 


Kodachrome Type A, 35-mm. and Bantam 





Lamp No. Open* 1/100 1/200 
SM 50 50 35 
5 90 75 60 
1] 100 80 65 
22 145 115 90 


* Shutter set on “Time,” “Bulb,” 1/25, or 1/50 second. 

To obtain the recommended f/number, divide the proper guide 

number by the distance in feet from lamp to subject. These data 

are for exposures in rooms with light-colored walls and ceilings. 

For pictures taken outdoors at night or indoors with dark-colored 

ih in dark-colored surroundings, divide this guide number 
y two. 


Photoflash Guide Numbers for Use with Daylight Type Koda- 
chrome and the Kodak Senior Synchronizer 


Lamp No. 21B_ (used independently of daylight): 
Open flash, 55; 1/100 sec., 45; 1/200 sec., 28. 


Lamp No. 5B: Open flash, 50; 1/100 sec., 40; 1/200 sec., 25. 
Divide the proper guide number by the distance in feet from 
lamp to subject. The answer is the recommended lens opening. 


These values apply in average-size rooms with light-colored 
walls and ceilings. 


Recommended Meter Settings 


Professional Kodachrome, Weston Setting G. E. Setting 
Type B 

Tungsten 6 10 

For Copying* with tungsten 1.5* 2.5% 


Daylight (not recommended ) Att G** 

* For copying only. Based on the normal position of the calcu- 
lator being set at the reading obtained from a white surface 
in the copying position. 

** With Wratten No. 85B Filter. 
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Supplementary Flash to Illuminate Shadows in Outdoor Subjects. 


Synchronized Outdoor Flash Pictures with 21B or 5B Photoflash Lamps 
and Kodachrome 35-mm. Film 


Lamp-to-Subject Shutter Speed Lens Opening 
5 ft. 1/50 f/8 
7 ft 1/100 £/5.6 
10 ft. 1/200 £/4 


The above table is based on practical tests on average subjects 
in bright sunlight. As the distance from lamp to subject in- ° 
creases, the lens opening must be increased. This, in turn, de- 
mands a corresponding increase in shutter speed to expose cor- 
rectly the sunlit portions of the subject. This change in shutter 
speed does not affect the flash exposure proportionally, because 
the highest intensity in the flash persists for a very short time. 
Because of diversities in equipment and weather conditions, the 
table above is offered only as a guide. Individual modifications 
may be necessary. 


All color processes are sufficiently alike in their 
technical requirements that for most practical pur- 
poses the points which have been set forth for the gen- 
eral exposure, lighting, and requirements of color 
temperature can be applied to the use of other types 
of color film. 


KODACOLOR AERO REVERSAL FILM 


SPEED is the word for airplanes. SPEED is the word 
for aerial photography. When you're soaring along 
at a clip of a couple of hundred miles an hour and 
the subject for your shot is perhaps several thousand 
feet below you, you need color film of high speed and 
high contrast in your camera. 

Kodacolor Aero Reversal fills the bill. A film of 
the subtractive type of process, it is made specially 
for aerial use. 

“Reversal” film is one which is developed first as 
a negative and then, by re-exposing and re-develop- 
ing the remaining silver bromide, is reversed into a 
positive. 
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Figure 5—Plantation on a South Pacific island. A vertical photograph taken 
on Kodacolor Aero Reversal Film with a K-18 camera, 24-inch lens, at 
22,000 feet. 





Digitized by Google 


Kodacolor Aero, like Kodachrome, consists of three 
layers of emulsion and two of gelatin. The layers are 
respectively sensitive to blue-violet, green, and red- 
orange light. 

It differs from Kodachrome, however, in thee re- 
spects. 

First, its high speed (Weston 32) permits the use 
of high shutter speeds under adverse light conditions, 
so often found in aerial photography. And its high 
contrast renders detail even when the picture is made 
through heavy haze or at high altitudes. 

Second, it is designed for use in relatively large 
cameras and is considerably grainier than Koda- 
chrome, the extra speed being obtained largely at the 
expense of fine grain. 

Third, processing is much simpler. The dye-form- 
ing intermediates are contained in the emulsion layers. 
This permits reversal development of all three layers 
at once in a single dye-coupling developer. (In Koda- 
chrome, the dye-coupler is incorporated in the posi- 
tive developers, requiring separate exposure and de- 
velopment for each of the three positive images.) 

Because of the simplified method, Kodacolor Aero 
is processed by the Armed Forces in the field with 
the same portable developing outfits (Smith-Fair- 
child, Morse, etc.) that are employed for black-and- 
white aerial film. 

The handling of Kodacolor Aero film differs from 
the handling of black-and-white aerial film in that 
certain filters must be used during exposure and 
special chemicals must be used for processing. 

Chemicals are provided in kits of all appropriate 
sizes for standard aerial film processing outfits. The 
various sizes will produce 14, 114, 8 or 41% gallons of 
each of the solutions. All necessary processing chem- 
icals except hypo are included. A set of instructions 
comes with each kit. 
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EXPOSING AERO REVERSAL 


Kodacolor Aero ALWAYS REQUIRES THE USE OF ONE, 
TWO OR THREE FILTERS. Three haze filters come with 
each batch of film—HF1 or HF2 (pale yellow), 
HF4 (medium yellow), and HF5 (heavy yellow). 
At least one of them, and sometimes two, must be 
used for every shot. 


In addition, the film package ordinarily contains 
an emulsion filter for color correction. If a batch of 
film varies from the exact color balance, an emulsion 
filter (EF) is supplied to suit the particular film. 

In exposure tables for Kodacolor Aero, “X” indi- 
cates the palest haze filter (HF1 or HF2) plus the 
emulsion filter if one is furnished. “Y’’ means the 
HF'4, and “Z” the HF5. 

For many purposes, and under many conditions of 
altitude and haze, the filter or filter pair “X” will 
give satisfactory results. However, at high altitudes 
and with increasing bluish haze, the addition of “Y” 
or “Z’’ will increase effectiveness. 

Thus where the table shows “X + Y” you would 
use HF'1 or HF2 (whichever is packed with the film) 
plus the EF (if any) plus HF4. 


Altitude .No Haze Slight Haze Average Haze Bad Haze 
inFeet Filter Lens Filter Lens Filter Lens Filter Lens 
0-2,000 X f/63 xX £/6.3 x £/6.3 x £/6.3 


2,000- 
5,000 xX f/63 X £/63 xX £/63 X4Y f/63 


5,000- 
10000 xX £/63 xX £/63 X+tY/63 X+4Yf/8 


10,000- 
20,000 xX f/68 X+1Y/63 X44Z f/8 X+4Z £/9.5 


20000up X-+Y f/8 X+2Z f/8 X+Z £/9.5 


Winter sun or very dark subjects. 14, stop more exposure. 
Very light subjects (desert, beach, etc.) l4 stop less exposure. 
Oblique exposures with no sky. Y stop less exposure. 
Oblique exposures with 1/3 or more sky. 1 stop less exposure. 
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Exposure Index and Recommended Meter Settings 


7 Index Weston Meter G. E. Meter 
Kodacolor Aero 
Reversal Film 40 82 48 


Note—Owing to the rather limited exposure latitude of color film 
special. care should be taken in the interpretation of exposure: 
meter readings, especially when stray clouds are in the field of 
view. 


The table may be used as a guide for the correct 
filter and lens opening at 1/150 second exposure. 
These recommendations are for vertical pictures of 
average subjects at the different altitude and haze — 
conditions, for midday sun in spring, summer or fall 
(three hours after sunrise until three hours before 
sunset ). | 

Dark pictures usually result from underexposure 
in the camera and light pictures from overexposure 
in the camera. Pictures with incorrect color balance 
usually result from improper choice of filters from 
the above table or improper storage. Blue pictures 
indicate the need of a yellower filter, that is, the 
filters recommended for the next higher altitude 
range. Yellow pictures indicate the need for the 
filters recommended for the next lower altitude 
range. 


PROCESSING AERO REVERSAL 


This film is designed to be processed in lengths up 
to 50 feet in the developing assembly designated by 
the U. S. Army Air Forces as B3A, B4, B5, and 
by the U. S. Navy Bureau of Aeronautics as Type 
D-1, D-2, D-3, or equivalent. All the chemicals ex- 
cept hypo for preparing a complete set of processing 
solutions are packed with mixing and processing in- 
structions in a single carton. Chemical kits are avail- 
able in three sizes which contain enough chemicals to 
mix 14, 114, or 41% gallons of each of the solutions. 
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A special Kodachrome Aero Reversal Film— 
Duplicating is used for making color reproductions 
from Kodacolor Aero Reversal film originals by 
direct contact printing. 

Kodacolor Aero Reversal film is available in roll 
film but not in the form of sheet film or as 35-mm. or 
16-mm. film. 

Two precautions are especially important in the 
use of Kodacolor Aero Reversal film. Failure to 
observe them will result in an undesirable change in 
color balance. The precautions— 


Store all unexposed Kodacolor Aero Reversal 
film in a cool place (45 to 65° F.) until it is to be 
used. Protection against moisture and high humid- 
ity is also essential. This is provided by the film 
can until the seal is first broken. 

Process exposed film within 24 hours after ex- 
posure. 


ANSCO COLOR FILM 


Ansco color film is a subtractive color process and 
produces color transparencies by exposure in an ordi- 
nary camera, followed by special development with 
chemicals supplied in the Ansco color film developing 
outfit. Processing can be carried out in a well 
equipped darkroom, or films may be returned to 
Binghamton, N. Y., for processing if they were pur- 
chased with the processing included. 

Ansco color film is available in twq types—day- 
light and tungsten. Daylight type film is identified 
by a V notch and a square notch followed by two 
V-shaped notches, tungsten type film by a V notch 
and a square notch followed by a single V-shaped 
notch. 

The color balance of the daylight type film is ad- 
justed to give best rendition of average subjects un- 
der bright sunlight, 5,400° K. The color balance of 
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the tungsten type film is adjusted for use with 3,200° 
K. incandescent lamps. Use of the daylight type film 
under filtered tungsten illumination is possible but is 
attended by rather severe exposure limitations. 

Ansco color film is available in sheet film (6-sheet 
packages), roll film, and 20-exposure 35-mm. car- 
tridges. It is also available in other forms, including 
rolls for aerial cameras. Ansco color film is packed 
like black-and-white film. 

Ansco color film is loaded in TOTAL DARKNESS 1n 
exactly the same way as black-and-white film. It 
should be handled only at the extreme edges to avoid 
finger marks or scratches. The emulsion side of Ansco 
color sheet film, lke black-and-white film, faces the 
operator when the film is held with long edges in the 
vertical direction, and the identification is in the 
upper right hand corner. 


LIGHTING 

The general principles of lighting are fundamen- 
tally the same for all makes of color film. With 
Ansco as with Kodachrome, excessive contrast in 
lighting is to be shunned. With both, it is important 
that the illumination be of proper quality. With 
both, reflected color needs to be taken into considera- 
tion. 

Still another point applies equally to Ansco and 
Kodachrome. The use of both daylight and tungsten 
light in a single picture generally leads to unbalanced, 
unpleasing results. Preferably, one kind of light 
should be used—ALL DAYLIGHT or ALL ARTIFICIAL 
LIGHT OF THE SAME QUALITY. An exception is the 
use of blue flash lamps to augment lighting in the 
shadows of subjects illuminated by daylight. 


FILTERS WITH ANSCO 


' Ansco, as mentioned in the introduction to this 
chapter, is a newer process than Kodachrome, The 
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uses of filters with Ansco color film are still changing 
as experimentation progresses. Therefore, it is not 
advisable to set down specific and complete recom- 
mendations such as those given for Kodachrome. 
With each batch of Ansco color film are the manufac- 
turer’s suggestions for the use of filters. You should 
be guided by these and by other Ansco instructions 
which may be issued from time to time. 

Specific recommendations are well established, 
however, for four ultraviolet absorbing filters for use 
with Ansco color film. They are primarily for aerial 
photography but they are also useful when photo- 
graphing mountains or distant scenes, and when on or 
near water. 

The Ansco ultraviolet absorbing filters and their 
uses are as follows— 


FILTER USE 


UV15 For slight haze correction. Highly recom- 
mended for general use. Use for all aerial 
work when greater correction is not required. 


UV16 Corrects for light haze in aerial and other 
photography. 

UV17 Corrects for medium haze in aerial and other 
photography. 

UVI18 For all high altitude photography which re- 


quires maximum correction. 

No increase in exposure is required when filters UV15, UV16, 
and UVI17 are used. When filter UV18 is used, exposure should 
be increased by about one-half stop opening of the lens aper- 
ture, or by an equivalent adjustment of the shutter speed. 

Under some conditions, the UV18 may give overcorrection to 
certain colors. In such instances, light areas appear tinged with 
yellow in the finished transparency. 


— 


Ansco color daylight film can be exposed under 
tungsten (3,200° K.) illumination by using the 
Ansco color filter D-14. Ansco color tungsten film 
ean be exposed by daylight if the Ansco color filter 
T-14 is used. 
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EXPOSURE GUIDES FOR ANSCO COLOR FILM 


When using a photoelectric exposure meter with 
Ansco color film the following meter settings are sug- 
gested— 


WEsTON G. E. 
Daylight Type Film 8-10 12-16 
Tungsten Type Film 8-10 12-16 


Currently the suggested settings are the same for 
both types of film. Later developments may necessi- 
tate a change for one or both. These settings are 
given only as a basic guide. In the light of results 
obtained, they should be changed to suit individual 
working conditions. 


Day light Exposure Guide 


ImMpoRTANT. Exposures in this table are suggested for use under average sum- 
mer conditions in the temperate zones, from two hours after sunrise until two 
hours before sunset. During the first and last hours of this period about one- 
half stop increase of exposure is usually required. In winter, use next larger 
lens opening (one full stop) rather than that given in the table. Whenever 
subject is unusually dark, give at least twice the exposure indicated. With 
abnormally brilliant light as in seascapes, or at high altitudes, the indicated 
exposure may be halved. — : 


Front Lighted Side Back 
Normal Light Dark Lighted. Lighted 
Subject Subject Subject 





Bright 1/100 sec. £/4.5 £/5.6 £/4.0 £/3.5 £/2.5 
Sunlight 1/50 ” £/6.3 £/8.0 £/5.6 £/4.5 £/3.5 
1/25.” £/9.0 £/11 £/8.0 £/6.3 £/4.5 
1/100 ” £/2.5 £/2.8 £/2.0 
Open Shade 1/50 ” £/3.5 £/4.0 £/2.8 
1/25 ” £/4.5 £/5.6 £/4.0 
1/100 ” £/3.5 £/4.0 £/2.0 
Hazy bright, 1/50 ”’ £/4.5 £/5.6 {/2.8 
Soft shadows 1/25. ” £/6.3 £/8.0 £/4.0 
1/100 ” £/2.5 £/3.5 £/2.0 
Sun overcast 1/50 ” £/3.5 £/4.5 £/2.8 
Cloudy bright 1/25 ” £/4.5 £/6.3 £/4.0 
1/100 ” £/1.8 £/2.0 
In shadow, 1/50 ” £/2.5 £/2.8 £/2.0 
Bright day 1/25 ” £/3.5 £/4.0 £/2.8 
1/100 ” £/2.0 £/2.5 £/1.8 
Dull cloudy 1/50 ” £/2.8 £/3.5 £/2.5 
1/25 ” £/4.0 £/4.5 £/3.5 


FLOODLAMP EXPOSURE GUIDE 


This table is based on exposures for average subjects in 
medium-colored surroundings. A dark-colored subject will 
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require a half-stop or greater increase in diaphragm opening, 
whereas a light-colored subject may require about one-half stop 
smaller diaphragm opening. Due to differences in reflectors, the . 
table is given only as a guide. In order to utilize the full out- 
put of light from the lamp, a reflector of good quality should 
be used. : | 


One 500 Watt 3,200° K. Mazda Lamp 
| (in Reflector) 


For Average Colored Subjects in Light-Colored Rooms 
Lamp to Subject Distance in Feet 


Shutter Speed 4 6 8 10 12 14 16 
1 second £/11 9 8 68 56 4.5 4 
1/2 second f/8 63 56 45 4 3.5 2.8 

1/5 second £/4.5 4. 385 28 25 2 


A #2 Photoflood lamp may be substituted for the 500-watt 
8,200° K. lamp by using an Ansco color filter UV-16 over the 
lens. 


Two 500-Watt A25 3,200° K. Mazda Lamps 
(in Reflectors) 


When using two lamps, the correct exposure will be about half 
that required for a single lamp. Exposure can be halved by 
doubling the shutter speed, or by using a lens aperture one full 
stop smaller. For example, if correct exposure for one lamp is 
1/25 second at £/8.5, the exposure for two lamps will be 1/50 
second at f/8.5, or 1/25 second at £/4.5. 


Important—The light from both lamps should be superim- 
posed on the subject. If the reflectors are not equidistant from 
the subject, use the average distance in calculating exposure. 


Ansco color film, both daylight and tungsten types, 
is well suited to exposure by flash lamp illumination. 
Excellent results may be obtained with comparative 
ease and certainty. 

Recommendations in the following guides are based 
upon shutter settings for time or bulb or 1/25-second 
synchronized exposures with lamps in metal reflectors 
of good quality. The guides refer to average subjects 
in medium-colored indoor surroundings. Dark- 
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colored subjects will require a half-stop larger dia- 
phragm opening, whereas light-colored subjects will 
require a half-stop smaller diaphragm opening. 

To find exposure, locate the numerical factor for 
the particular lamp to be used. For example, the 
factor for one GE Mazda Photoflash No. 5B with 
shutter set for Time, Bulb, or 1/25 is 50. Divide this 
factor by the distance in feet from lamp to subject 
to obtain the reeommended f/ number. 

Examples. At 6 feet, 50 — 6 gives 8 +, use f/8. 
At 12 feet, 50 — 12 gives 4 -+, use f/4. 


Flashlamp Exposure Guide 


For One G. E. Mazda Photoflash or Wabash Superflash Lamp 
in Metal Reflector—Time, Bulb and 1/25 Second 
Daylight Type 





GE No. 5B (Blue) Photoflash Lamp 50 
GE No. 21B (Blue) Photoflash Lamp 65 
Wabash Sunlight No. 2B (Blue) Flashlamp 95 
Wabash No. 25B Superflash Lamp - 60 
Tungsten Type (with UV16 Filter) 
GE No. 5 Photoflash Lamp 95 
GE No. 11 Photoflash Lamp 115 
GE No. 22 Photoflash Lamp 135 
Wabash Press 25 Flash Lamp 115 
Wabash No. 2 Superflash Lamp 135 
Wabash Press 40 Flash Lamp 115 
PROCESSING 


After exposure, Ansco color film can be processed 
by the user in a well-equipped darkroom, using ma- 
terials supplied in the Ansco color film developing 
outfit, or mailed to Anseo, Binghamton, New York. 
The film developing outfit contains all the necessary 
chemicals packaged so they need only be dissolved in 
water before use. Complete instructions for proces- 
sing are included with the developing kits. 
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STOWING COLOR FILM 


Color film is pretty delicate stuff. It can’t take 
sudden or extreme changes in temperature and hu- 
midity as you can—or can you? Color film, to keep 
in the best “health” and therefore be able to do its 
job at top efficiency, demands constant nursing. Here 
are some hints on how you can be a good “nurse.” 


KODACHROME — BEFORE PROCESSING 


Heat and moisture accelerate the deterioration of 
all sensitized photographic materials. Because of the 
desirability of maintaining a satisfactory color bal- 
ance in processed Kodachrome transparencies, it is” 
very important that Kodachrome film be given even 
greater protection from unusual climatic conditions 
than need be given to black-and-white films. It is 
essential that certain precautions be taken when such 
material is to be used in climates having unusually 
high temperature or humidity, or both. 

The three emulsion layers are each sensitized to a 
different color and are balanced for certain kinds of 
light. These layers may be affected by temperature 
and humidity to different degrees, causing the colors 
mn the resulting pictures to be unsatisfactory. 

FILM IN DOMESTIC PACKING—The proper storage 
conditions for film depend to a large extent on the 
degree of moisture protection provided by the pack- 
ing. Film in domestic packing, which is moisture- 
resistant but not vaportight or watertight, should be 
kept both cool and dry. The storage relative humid- 
ity should be maintained below 60 percent, preferably 
about 40 percent. Storage relative humidities below 
40 percent seldom cause serious trouble, but relative 
humidities even a little above 60 percent may in time 
cause serious damage, especially if accompanied or 
followed by high temperature. 
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Relative humidity is measured by wet and dry bulb 
thermometers. If you are in a location where the 
best film storage facilities are available, data on rela- 
tive humidity also will be available. If you are with- 
out these “modern conveniences,” you will just have 
to go on the best information you can get, and mix 
it with common sense. 

The storage temperature employed for Koda- 
chrome film in domestic packing should be as low as 
possible, provided that the relative humidity does not 
exceed 60 percent. The following temperatures are 
recommended: 


For storage periods up to 2months 6months 12 months 
Keep film below (eo oe 60° F. 50° F. 


Where necessary, mechanical refrigeration should 
be employed to maintain the proper temperature. 
However, the relative humidity of air increases when 
the temperature is reduced unless moisture 1s removed 
by condensation or desiccation. Therefore, when Koda- 
chrome film in domestic packing is stored in mechani- 
cal refrigerators, the temperature should not be low- 
ered enough to cause the relative humidity to exceed 
60 percent. If that happens, the disadvantage of ex- 
cessive relative humidity may outweigh the advantages 
of reduced temperature. In other words, IT Is PREFER- 
ABLE TO MAINTAIN MODERATE TEMPERATURE WITH 
LOW RELATIVE HUMIDITY RATHER THAN LOW TEM- 
PERATURE WITH HIGH RELATIVE HUMIDITY. For ex- 
ample, 60° F. with 40 percent R.H. is much better 
than 40° F. with 80 percent R.H. 

Film in domestic packing should not be stored in 
ice boxes or in refrigerators containing food or open 
jars of water because of the high humidity. Even in 
mechanical refrigerators care must be taken to avoid 
excessive humidity. In regions of high outside rela- 
tive humidity, the air in mechanical refrigerators 
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should be dried. Where this is not possible, the film 
should be placed in a vaportight container (such as a 
tightly closed can or jar) inside the refrigerator. 


In locations where proper storage facilities are en- 
tirely unavailable, care should be taken to avoid damp 
basements’ or other sources of moisture as well as 
proximity to steampipes, radiators, the glove com- 
partment of an automobile, the top floor of an unin- 
sulated building, etc. 


FILM IN TROPICAL PACKING—Kodachrome films 
may be supplied in tropical packing, which gives a 
considerably greater degree of moisture protection 
than domestic packing. It does not, however, pro- 
tect against actual immersion in water. Films to be 
taken into either tropical or arctic climates or other 
regions of high humidity should be purchased in 
tropical packing. 

All 100-foot and 50-foot rolls of 16-mm. Koda- 
chrome film are regularly supplied in taped metal 
containers for domestic use. In that case, no addi- 
tional tropical packing is needed. All other types of 
Kodachrome film should be ordered specially in tropi- 
_ cal packing when required. 


Temperature is a factor which must be controlled 
regardless of how the film is packed. The same pro- 
tection against heat should be provided for Koda- 
chrome film in tropical packing as in domestic pack- 
ing. (See previous recommendations.) Tropical pack- 
ing will protect the film from excessive moisture 
changes for a considerable length of time. Therefore, 
where mechanical refrigeration is employed for film 
in tropical packing, the temperatures recommended 
above should be maintained even if the relative hu- 
midity does exceed 60 percent. Where the tempera- 
ture cannot be held below 75° F., high relative hu- 
midity for a long period of time should be avoided. 
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Whenever film, either domestically or tropically 
packed, is kept in cold storage, it is important to 
REMOVE IT FROM THE REFRIGERATOR SEVERAL HOURS 
(preferably 24 hours) BEFORE THE PACKAGE IS 
OPENED. If this is not done, moisture condensation 
or sweating on the emulsion surface may occur, caus- 
ing spots on the developed film. 


THE USE OF KODACHROME FILM IN THE TROPICS— 
Once the film container or moisture-resistant wrap- 
ping used on any type of tropically packed Koda- 
chrome film is opened, the film should be exposed and 
processed as soon as possible. In humid climates the 
film will absorb moisture and reach equilibrium with 
the prevailing atmosphere in a relatively short time 
(in most cases about 24 hours). Kodachrome 16-mm. 
motion-picture film, tightly wound on a metal reel, 
may require slightly longer, while single sheets of 
Kodachrome Professional film in a film holder may 
require considerably less time. In humid climates, 
film should not be resealed in tropical packing after 
exposure unless it is first dried out by use of a desic- 
cating agent. Silica gel, dried rice browned in a dry 
oven, or dried tea leaves are all good desiccating 
agents. Dried newspaper can also be used in an 
emergency. It requires approximately two pounds 
of dried rice or tea leaves to desiccate satisfactorily 
ten 100-foot rolls of 16-mm. Kodachrome film. One 
pound of rice or tea should be sufficient for several 
rolls of Kodachrome 35-mm. film. 


The following difficulties may be encountered in 
using film if the tropical packing is broken for any 
length of time before the film is used. 


AT HIGH RELATIVE HU MIDITIES— 


Professional film may buckle and stick in the 
film holder. Motion picture film may present 
difficulty in going through the camera owing to 


53 


soft or swollen emulsion piling up in the camera 
gate. The film emulsion may stick to the back of 
the next convolution of the roll. 


AT LOW RELATIVE HUMIDITIES— 


Film tends to become brittle and may break if 
handled carelessly. Film has a tendency to give 
static discharges which cause marks on the film 
after development. 


GENERAL—The expiration date placed on each 
package of photographic film should be noted and 
the material used, if possible, before the expiration 
date is reached. Kodachrome films which have passed 
their expiration date may be somewhat slower in 
speed than fresh film. Usually one-half stop to one 
stop increase in exposure may give an acceptable 
picture; however, the color rendition may be unsatis- 
factory. 

Films should not be stored where they can be 
affected by x-ray machines, radium, harmful gases 
such as formaldehyde, industrial gases, exhaust from 
motors, vapors of solvents, cleaners, turpentine, etc. 

To simplify and emphasize these suggestions on 
stormg Kodachrome before processing, this summary 
may be helpful— 


IN DOMESTIC PACKING— 


Protect against moisture and heat. Avoid damp 
cellars, heating pipes, the glove compartments of 
automobiles, etc. 

Storage relative humidity should be below 60 
percent, preferably about 40 percent. 

Storage temperature should be 75° F. to 50° F. 
or lower, provided the relative humidity does not 
exceed 60 percent. 

Protect against harmful vapors or gases and 
X-rays or radium. 
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Have film processed as soon after exposure as 
possible. 

When refrigerated, remove from refrigerator 24 
hours before opening the wrapping to prevent 
condensation on the film. 


IN TROPICAL PACKING— | 
Protect against heat. Avoid heating pipes, the 
glove compartment of automobiles, etc. 
Storage temperature should be 75° F. to 50° F. 
or lower. 
Storage relative humidity should be preferably 
below 60 percent, but considerable moisture pro- 
tection 1s provided by this packing. 
Protect against X-rays or radium. 

' Use as soon as possible after film container is 
opened. | 
Do not reseal in tropical packing without desic- 
cation. 
Have film processed as soon as possible after 
exposure. 
When refrigerated, remove from refrigerator 24 
hours before opening the wrapping to prevent 
condensation on the film. 


KODACHROME—AFTER PROCESSING 


The life of the finished Kodachrome film is of in- 
terest to everyone. While many improvements in 
the stability of dyes have been made in the Koda- 
chrome process since it was first introduced, there 
are some precautions which should be observed. All 
dyes are fugitive to some extent, and in time do fade. 
However, a satisfactory life of color pictures made > 
on the present Kodachrome film can be expected if 
reasonable precautions are taken. The various fac- 
tors which affect the life ofedyes are: 

ProJEcTION—Both heat and light from the pro- 
jection lamp tend to accelerate fading. The effect is 
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imperceptible for ordinary projection times of 30 
seconds to 2 minutes in well-designed still-picture 
projectors, but may be noticeable on long-continued 
projection times of 5 to 8 minutes. The projection 
time is so short on standard motion-picture projectors 
that no harm results unless the projector is run too 
slowly, or a lamp of too high a wattage is employed. 

The heat-absorbing glass in the projector fulfills 
a most important role in reducing the amount of heat 
which reaches the film. It is also important that a 
lamp of the recommended wattage be used in pro- 
jectors. A lamp of too high a wattage may heat the 
slide excessively. 

StTorAGE—Moisture tends to accelerate color 
change. High humidity has a very pronounced effect 
if it is accompanied by high temperature. In either 
case, high humidity does affect the films whether or 
not they are stored in the dark or refrigerated. 

A life of many years may be expected for Koda- 
chrome pictures made on the film now manufactured 
if the pictures are shown in the usual projection 
equipment and are stored at ordinary room tempera- 
ture (70° F.) and at an average relative a 
below 50 percent. 

In the average building, best storage location is 

probably on the first or second floor. The basement 
tends to be too moist, and close to the roof tends to 
be too hot in the summer. The storage location should 
be away from steampipes, radiators, hot air ducts, 
and other sources of heat. 
_ Ideal storage conditions, that is, those resulting in 
' longest life, involve storage in a sealed, lighttight, 
desiccated container at 40° F. or lower and at a rela- 
tive humidity of between 20 and 40 percent. Extreme 
desiccation must be avoided as the film base tends 
to become brittle. A motion-picture film in this con- 
dition might break on sharp flexing. 
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The mounting of Kodachrome transparencies be- 
tween slide cover glasses does not appreciably retard 
changes due to any of the causes mentioned above. 
It does prolong the life of any slide which is to be 
handled _ considerably and protects the slide from 
finger marks and dirt. Slides mounted in glass are 
easier to clean. | 

A tendency to change color for any reason in 
Kodachrome pictures can be retarded by ideal storage 
conditions. However, proper storage will not correct 
any color change which has already taken place. Any 
Kodachrome picture which has changed color to an 
undesirable extent can usually be duplicated in black 
and white with quite satisfactory results. 


ANSCO — BEFORE PROCESSING 


Ansco color film should be stored in a cool, dry 
place. Following exposure, the film should be devel- 
oped as soon as possible, especially in hot, damp 
weather. After a few weeks in hot and humid ch- 
mates, undesirable color changes may take place. 

Processing by the user immediately after exposure 
not only allows a prompt appraisal of the pictures 
obtained but, even more important, it avoids deterio- 
ration resulting from delays between exposures and 
processing. 

In tropical climates, Ansco color film should be 
stored in a refrigerator, both before and after expo- 
sure. Unexposed films should be taken from the re- 
frigerator a day before it is used so that both the film 
and its packing slowly attain the temperature and 
humidity of the surrounding atmosphere. If this 1s 
not done, condensation of atmospheric moisture on 
the film may give trouble. 


ANSCO — AFTER PROCESSING 
If stored with reasonable precaution, finished 


Ansco color film transparencies may be kept indefi- 
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nitely. After processing, the transparencies are best 
kept in a cool, dry place. While temporary exposure 
to heat and high humidity seldom affects the film, 
prolonged storage under such conditions may alter 
the color balance. 

The colors in Ansco film transparencies are organic 
dyes of the greatest permanence and light fastness 
consistent with other requirements. When not in use, 
films should be stored in a container to protect them 
from light. 

Mounting of transparencies between glass will 
avoid abrasions and finger marks during projection. 


AERO REVERSAL — BEFORE AND AFTER 


Kodacolor Aero Reversal film should in general 
have the same care, before and after processing, as 
Kodachrome and Ansco. 

As previously pointed out, unexposed Aero Re- 
versal film should be kept in a cool place (45° F. to 
65° F.) until it is used. Protection against moisture 
and humidity also is essential. 





CHAPTER 2 
AERIAL CAMERAS 
THE CAMERA TAKES WINGS 


When man sprouted wings, you couldn’t keep pho- 
tography grounded. 

Not so many years ago it was pure insanity to 
suggest that a human being would ever ride through 
the air in a mechanical contraption. It was no less 
ridiculous to suppose that pictures could be taken 
when either the camera or the subject MOVED. 

How flying became commonplace is a story more 
familiar than how aerial photography moved right 
along at a like tempo. World War II demanded— 
and got—marvelous new performances from the air- 
plane. No less did the science of camera and film rise 
to its new responsibilities. : 

You are living in an extremely PHOTOCONSCIOUS 
era. The spectacular technical achievements in the 
transmission and use of newspaper photographs, the 
mushrooming of picture magazines, the growth of the 
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motion picture industry, the popularity of amateur 
photography—all these are recent chapters in the 
romance of photography. Apace of these develop- 
ments has been the enterprise of the “flying camera.” 

Well before the start of World War II, aerial 
photography was of widespread use and great signi- 
ficance. Even the farmer who planted his field in a 
remote corner of the country knew its value. A prog- 
ress map issued by the U. S. Department of Agricul- 
ture, as of October 1, 1940, indicated that aerial pho- 
tography completed, in progress, or approved by that 
department alone extended into every state and cov- 
ered approximately three-quarters of the entire con- 
tinental United States. Combining this with areas 
covered by other organizations, the total area that 
had been photographed from airplanes was over 
2,000,000 square miles. The number of photographs 
taken was probably not less than 3,000,000 and a 
large percentage of these were taken after 1930. 

Photographic mosaic maps have been used exten- 
sively for making standard maps, controlling crops, 
conserving soil, and making studies and plans per- 
taining to better utilization of the land. Studies of 
traffic problems and planning of city expansion also 
employ aerial pictures. 

On exploratory expeditions the camera-of-the-sky 
has been the means of “bringing back” a wealth of 
detail of tremendous value to the scientific world. 
For example, the Hamilton Rice expedition into the 
Amazon country in 1924 and 1925 furnished aerial 
maps of vast tropical Jungle areas which would have 
taken a lifetime to plot by ground methods—assum- 
ing, first of all, that it would have been humanly pos- 
sible to penetrate the ground growth. 

Commercial aerial photographic mapping organiza- 
tions have also covered great areas outside the United 
States, working under contract for certain govern- 
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ments and oil interests. Through the study of aerial 
photographs, definite plans for a ground exploratory 
trip can be made. Specifically, in the case of search- 
ing for oil outcroppings, stereoscopic views of adja- 
cent photographs disclose the elevations and charac- 
teristics of the terrain. Geologists can then determine 
with reasonable accuracy the most likely places for 
finding oil. By routing the field trips to specific and 
predetermined outcroppings, months and even years 
of time may be saved. 

These civilian uses of the aerial camera illustrate 
the practical value of the field in peacetime. In war, 
the same talent, skill and equipment become of para- 
mount importance. Skilled aerial photographers bring 
back photographic records of hostile coastlines, 
fortifications, gun emplacements, airfields, troop con- 
centrations, and camouflage areas. And these photo- 
graphs provide invaluable information to the Navy’s 
skilled photographic interpreters. 

Plans for effective action are then determined so 
that the greatest damage can be done to the enemy 
at the least cost in men and materials. When air- 
planes have unloaded their bombs on enemy targets, 
the aerial camera provides an accurate record of the 
damage inflicted. 

All Naval photography is important, but AERIAL 
PHOTOGRAPHY IS THE MOST VALUABLE BRANCH OF 
PHOTOGRAPHY IN THE NAVY. 


TWO BASIC WORDS 


To get down to brass tacks, one of the first things 
you need to know about aerial photography is its two 
general types—OBLIQUE and VERTICAL. All discussion 
of aerial cameras and the pictures they take hinges 
more or less on those two words. 

The OBLIQUE photograph is taken with the camera 
so held and aimed that its longitudinal axis forms an 
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angle of less than 90° with the horizontal plane of 
the ground. To put it more simply—with the camera 
slanted or pointed downward at an angle. 


The vERTICAL photograph is taken with the camera 
pointed at the earth so that its longitudinal axis is 
perpendicular to the horizontal plane, or at least as 
near 90° as possible. Which is to say—aimed right 
straight down from the plane to the ground. | 


Oblique views are generally taken with the camera 
held over the side of the airplane or pointed through 
a port. Vertical views are taken with the camera 
mounted inside the fuselage of the plane and the 
camera lens pointing down through an opening in 
the bottom of the plane. 


Oblique aerial photos are of two es HIGH 
OBLIQUE, which shows the horizon, and the Low 
OBLIQUE, which does not. “High” and “low” do not 
refer to the altitude from which the pictures are 
taken. 


The oblique view is not so easily reduced to map 
form as the vertical. This is due to the distortion of 
perspective. Obliques are largely used individually 
or for small strips when perhaps only two or three 
pictures have to be placed together to show an area. 
Verticals are used primarily as a series of pictures to 
be assembled into a map. Obliques are extremely im- 
portant in showing the relative positions of objects. 
For example, in photographing a small island, a ver- 
tical might show only an area of land and an expanse 
of water, while an oblique might reveal its location 
in relation to another island. The oblique photograph 
is valuable for recognition purposes because it is the 
more natural view. The pilot approaching an object 
sees an oblique view. An oblique photo, therefore, aids 
in identifying the object. 
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To get the WHOLE story from aerial photography, 
both verticals and obliques are needed to supplement 
each other. 


REQUIREMENTS OF AN AERIAL CAMERA 


You'll have up to $4,000 in your hands when you 
man an aerial camera. That’s the cost of a single 
camera—from that down to $150. 

At the Naval School, Photography at Pensacola, 
Fla., students receive this warning—“Whatever you 
do, bring back the handles.” Which is an apt way of 
saying, “Hang on to that camera.” You aren't given 
a $4,000 piece of equipment to drop out of an air- 
plane. 

Why aerial cameras are so costly may be indicated 
in part by an. analysis of their requirements. They 
really take a beating and they must be built to stand 
it. But sturdiness isn’t all they require. Here are the 
general requirements of an aerial camera, regardless 
of its specific type and function— 

The camera should be constructed rigidly so that 
there will be a minimum of trouble with vibration 
and little or no possibility of damage from wind 

pressure or concussion, and so that it will operate 
under the various atmospheric pressures found in 
flying. 

An arrangement should be provided which al- 
lows lenses of different focal lengths to be used. 
These lenses will usually be fitted with iris dia- 
phragms which can be stopped down to at least 
f/22. The longest possible focal length, consistent 
with conditions of area and altitude as well as film 
size, is generally used and preferred by aerial pho- 
tographers. While provision for lenses of different 
focal lengths is desirable, it is not always necessary. 
The K-20 camera, for instance, uses only one focal 
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The camera should be of fixed infinity focus, or 
be fitted with some adequate means of locking the 
focus at the infinity point. 

It should be fitted with a suitable viewfinder. 

The capacity of the film chamber should be 50 to 
250 exposures. The larger number offers greater 
latitude in operation along with more easily obtained 
results, since the camera can be used without having 
to reload too frequently. 

The shutter should have a minimum speed range 
of 1/50 to 1/150 second. Even faster speeds are of 
value in doing low altitude work. 

The camera shutter should have a trigger release 
which can be operated conveniently from the side near 
the back of the camera, All controls on the camera 
should be as large as is practical so they can be 
handled easily even when the photographer is wearing 
heavy gloves. 

The focal plane of the camera must hold the film 
exactly flat at the instant of exposure, either by con- 
tact with a glass plate, by air pressure, or by suction. 

Timy metal pointers, called reference indexes, 
should be provided in the focal plane of the camera. 
These will show as marks in each photograph— 
usually at the top, bottom and each side—and make 
it easier to find the principal point of the picture. 
These little V-shaped pointers are called collimation 
marks. 

The camera must be made free of static discharge 
on the film. 

The film winding mechanism should simultaneously 
change the film and cock the shutter whenever pos- 
sible. , 

Some arrangements should be included for the 
quick and certain attachments of filters to the lens, 
preferably by a bayonet mount. (In a “bayonet 
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mount,” grooves or notches on the filter slide over 

pins on the lens and snap the filter into place.) 

The division of aerial photography into oblique and 
vertical work creates the need for certain special fit- 
tings to make the individual camera better suited to 
the purpose intended. 

In oblique photography, the camera should have 
the following characteristics— 

It should be light enough so that the photog- 
rapher can easily handle it, point it, and move it 
quickly from one position to another. 

The focal length of the lens should be as long as 
possible, consistent with the weight of the camera. 
The weight should not be so great that the camera 
cannot be handled with comparative ease by the 
average Photographer’s Mate assigned to aerial 
photography. 

The lens used should be f/4.5 or faster in speed 
so that the shutter speed can be kept as fast as 
light conditions permit. 

The shutter should be capable of exposures of 
1/150 second or faster. Either the focal plane type 
or between-the-lens type shutter may be used with 
equal success. 

Two hand grips for holding the camera should 
be furnished. The rewind mechanism and shutter 
release should be conveniently placed in relation to 
these grips. 

In vertical photography, certain other special fit- 
tings are necessary to insure the best possible re- 
sults— | 

The camera must be suitable for suspension in a 
vertical mount. The mount should be of the gimbal 
type or its equivalent so that the camera can be 
leveled during flight. (Gimbals are a supporting 
contrivance which allow an instrument to swing 
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freely and stay level, lke the gimbals in which the 

ship’s compass is hung.) 

The camera must have level bubbles (like those 
on the familiar carpenter’s level). 

Some provision must be made, usually on the 
camera mount, for adjusting the camera to obtain 
correct placing of the picture in the film rectangle 
when the plane is “crabbing.” (The plane “crabs” 
—its nose at an angle to the actual direction of 
flight—to offset the tendency of a cross wind to 
force it off its true course over the ground.) 

The camera must be fitted with a viewfinder 
suitable for measuring the progressive overlap of 
the pictures. Or, if this is not attached to the 
camera, an auxiliary instrument for this purpose 
must be available. 

The camera must be fitted with a between-the- 
lens shutter, since the use of a focal plane shutter 
will result in some distortion of line. The latter type 
of shutter moves across the focal plane. Even in 
that split second, the airplane moves enough that 
what ought.to photograph as a straight line would 
veer at a slight angle. That would make it impos- 
sible to match the prints from the successive nega- 
tives made on a flight line. A between-the-lens shut- 
ter exposes the whole image on the focal plane at 
once. 

These are requirements for aerial cameras in gen- 
eral and for models suited specifically for oblique and 
vertical photography. A great many aerial cameras 
can be used for both types of work, since they are con- 
structed with the required fittings, but some cameras 
will serve only one purpose. 

The two general types of aerial cameras are— 
SINGLE LENS and MULTIPLE LENS. A few multiple-lens 
cameras are available but their application is limited 
_ in the Navy in war time. They are designed primarily 
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for very precise mapping work covering large ter- 
ritories. They are never used to take obliques in the 
manner that single-lens cameras are used. 

Three types of shutters are used on aerial cameras 
—BETWEEN-THE-LENS (the most common), FOCAL 
PLANE, and LOUVRE. : 

Aerial cameras are customarily made up of a body 
or cone and a detachable magazine. This arrange- 
ment provides for a series of cameras of varying focal 
lengths, obtained by using the magazine with differ- 
ent cones, each cone fitted with a lens of different 
size. 

Practically all aerial cameras are constructed to 
take roll film, and the majority of them have maga- 
zine capacities that range from 50 to 250 exposures. 
Single-lens cameras are usually equipped either for 
manual operation or for automatic operation. Those 
equipped for automatic operation can also be operated 
by hand. Some cameras can be employed to obtain 
either verticals or obliques by changing the support 
attachments. 


MEET THE FAMILY 


Each aerial camera has its own “personality.” 
Each, that is, has distinctive characteristics and pur- 
poses, although in some cases they overlap. 

Complete details of each ‘of them, including in- 
structions in loading and handling, are contained in 
manuals issued with the camera. In order that you 
may have immediate acquaintance with the aerial 
cameras now being used in the Navy, their salient 
features will be presented to you here. 

Some of the cameras are no longer being manufac- 
tured but many Navy photographic units still have 
them and will continue to use them for some time. 


You will be introduced to 17 cameras. They are 
the F-1, F-8 (old), F-8 (new), F-56, K-3A, K-3B, 
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K-7C, K-12, K-17, K-18, K-19, K-19A, K-19B, 
K-20, K-25, T-3A, and F-46. 

Their characteristics are summarized first in tabu- 
lar form. Then detailed explanations of operation are 
presented for the principal cameras, with particular 
emphasis on the newer models. Discussion of opera- 
tion is omitted for the F-1 and K-3A, which are no 
longer manufactured; the K-3B, which has been 
superseded by the K-17: the K-7C, which is essen- 
tially the same as the K-18; the K-12, superseded by 
the K-19; the K-19A and K-19B, which are operated 
like the K-19; and the K-25, which corresponds 
closely to the K-20. 

That leaves detailed explanations for the P- 8, 
F-56, K-17, K-18, K-19, K-20 and F-46. - 

How to load and operate the cameras can be 
REALLY LEARNED only by doing it. The information in 
this chapter, however, will serve as a handy guide 
when you are ready. Then you can identify and oper- 
ate the various knobs and spools and other parts to 
which the instructions refer. 

Now, meet the Navy cameras. 


F-1 ; 
Purpose Oblique photography, primarily 
- for training. 
Method of Operation - : Manual, with quick-wind 
' handle. 

Lenses—Speed £/4.5 £/4.5 £/5.6 

Focal Length 7 inches 10 inches 20 inches 

(Telephoto) 

Type of Shutter Between-the-lens. 
Shutter Speeds : 1/50, 1/100, 1/150 second. 
Type of Magazine 1. Detachable, interchangeable 


roll film magazine with glass 
contact plate and actuated 
metal pressure plate. 

2. Sheet film magazine adapter. 


Negative size 5 x 7 inches. 
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Film Load Size 7 inches x 12 feet (daylight 
loading), 7 inches x 25 feet 
(darkroom loading), sheet film. 


Number of exposures 25, 50, 12. 

Weight of Camera Loaded 7 inch—28 lb. 10 inch—80 
lb. 20 inch—88 lb. 

Note This camera is no longer man- 


ufactured, but many are still 
used in the Navy. 


F-8 (OLD) 

Purpose Training, obliques, limited use 
in vertical photography. 

Method of Operation Manual, with winding knob. 

Lens— 

Speed f/4.5 
Focal Length 10 inches. 
Type of Shutter Focal plane. 
Shutter speeds Nine speeds from 1/50 to 
1/200 second. 

Type of Magazine 1. Film chamber is part of 
camera body. A glass contact 
plate and fixed metal pressure 
plate are attached to the cover. 

a 2. Sheet film magazine adapter. 

Negative Size 5 x 7 inches. 

Film Load Size 7 inches x 1214 feet (daylight 
loading), 7 inches x 25 feet 
(darkroom loading), sheet film. 

Number of Exposures 25, 50, 12. 

Weight of Camera Loaded 18 Ib. 

Note This camera is fitted with a 
rotating lens mount for focus- 
ing. 

F-8 (NEW) 


Characteristics same as for F-8 
(old) except: 

10-inch and 15-inch lenses. 

Roll film only—non-focusing. 
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The F-8 camera (both old and new types) is de- 
signed for use in oblique photography and all types 
of close range work. It can be used as a hand-held 
vertical mapping camera but the results are seldom 
satisfactory. The old model is fitted with the 10-inch 
lens in a mount which can be focused from eight feet 
to infinity by rotating the lens mount within the 
camera cone. It is provided with a locking device for 
- setting the focus at infinity. The — can be 
stopped down to f/382. 


In both types of the F-8, the shutter and film trans- 
port mechanism are coupled together so that after 
each exposure the film is wound forward and the shut- 
ter recocked by the same movement. The film cannot 
be moved again until the shutter has been released, 
nor can the shutter be operated again until the film 
has been moved to the next frame. The camera is 
fitted with optically flat filters which can be attached 
directly to the front surface of the lens mount. 


The camera consists of two parts—the LENS CONE. 
and the FILM MAGAZINE, which contains the shutter 
mechanism. The 5 x 7 inch sheet film magazine can be 
fitted to the camera by removing the roll film maga- 
zine cover, covering the roll film spaces with two spe- 
cial plates, and then attaching the sheet film maga- 
zine. Hach magazine accommodates 12 films (or glass 
plates if the plate magazine is used). 


A. direct vision viewfinder is supplied. Focusing is 
accomplished by use of a scale on the rotating lens 
mount. The operating mechanism is placed on the 
right of the camera together with the cocking and 
film transport lever, trigger release, and a meter indi- 
cating number of exposures made. All are placed 
together for convenience. 
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OPERATION OF THE F-8 | 


Loading of this camera is carried out by daylight 
using the 1214 foot daylight loading roll, or in the 
darkroom using the 25 foot roll of film. For dark- 
room loading, remove the roll film magazine cover by 
depressing the detent springs on the two locking 
knobs and turning these knobs until the slots are 
upwards. 


Clean the focal plane glass carefully. Unscrew the 
two film spool release pivot knobs on the left side of 
the camera. Place the empty film spool in the take-up 
space on the front of the camera, with the slot in the 
end of the spool positioned so that it meshes perfectly © 
with the key on the winding knob spindle. Now screw 
down the front film spool release knob and turn the 
winding knob until the slit to receive the film leader 
is outward where it can be found easily in the dark. 
Pick up the container of film, and turn out the lights. 

The film is rolled so that the emulsion is on the 
inner surface. Insert the spool of film in the camera 
so that the emulsion will be in contact with the focal 
plane glass when the film is taken from the outside 
of the spool. Screw down the back film spool release 
knob, draw the film end across and insert it in the 
slot of the take-up spool. It is recommended that a 
small piece of tape be attached to the film and this 
spool to insure that the end will stay in the slot. Now 
rotate the film winding knob once, slowly, to make 
certain that the film is centered and is being trans- 
ported correctly. Trip the shutter release and wind 
the film again. Replace the magazine cover, and turn 
the two locking knobs until the detent springs snap 
into place. The camera is now loaded and the shutter 
is cocked and ready for the first “shot”. 


If daylight loading film is used, the loading is car- 
ried out in subdued light. The magazine back is 
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replaced and locked after one complete cycle of the 
film winding knob. (One turn is made to insure that 
the film is feeding across correctly.) Then seven more 
turns on the film winding knob are made to bring 
the film into correct position for the first exposure. 
Release the shutter after each turn except the last. 

If sheet film or plate magazines are to be used, 
remove the roll film:magazine cover and the focal 
plane glass and its frame. Attach the two magazine 
cover plates, placing the one with the knurled knob 
so the knob engages with the proper hole in the focal 
plane retaining strip on the back of the magazine. 
Insert the forward edge of the magazine and lower 
the magazine into the frame. When it is properly 
seated, slide the focal plane frame retaining strip into 
position so that it locks the magazine securely in 
place. 

The operation of the F-8 camera, whether for 
oblique, vertical, or ground photography, is quite 
simple. But you should become thoroughly familiar 
with the routine so that you can attain maximum 
efficiency in its use. ON STARTING WORK you should 
carry out the following steps— 

Remove the lens cap. 

Select the proper filter for the prevailing condi- 
tions, 

Select the correct shutter speed. 

Be sure the film counter is set at zero if you are 
using a new roll of film. Otherwise, simply note the 
number of exposures remaining on the roll. 

Draw the dark slide (if you are using sheet film 
or plate magazines). 

The procedure in ACTUAL SHOOTING is as follows— 

Select and set the lens aperture desired. 

Focus the camera (for aerial work the camera is 
usually locked at infinity). 
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Remove the dark slide (if you are using sheet 
film or plate magazines). 


Frame the image in the viewfinder. 


Hold the camera steady and release the shutter 
trigger release with smooth and even pressure to 
avoid vibration or movement of the camera. 


If you are using roll film, turn the film winding 
knob clockwise to change the film and recock the 
shutter. If you are using sheet film or plate maga- 
zines, change the film or plate septum and recock 
the shutter. 


Proceed with the next shot. 


This camera is fitted with an inside lens cap that is 
coupled with the shutter mechanism and prevents the 
passing of any light except when an exposure is being 
made. Consequently it is not necessary to insert the 
dark slide after each exposure when sheet film or 
plate magazines are being used. When the shutter re- 
lease is pressed, this cap is swung away from the lens, 
the shutter is released, and then the cap swings down 
to cover the lens again. There is no chance of exposing 
the film while the focal plane shutter is being reset 
for the next exposure. 


The F-8 camera is one of the smallest and lightest 
cameras used in aerial photography. Because of these 
characteristics it also serves as a very efficient hand 
camera for many uses in ground photography. 


F-56 


Purpose Oblique and vertical mapping, 
medium and high altitude re- 
connaissance. A general pur- 
pose camera. 


Method of Operation Manual (quick-wind handle) 
and electrical (automatic), 12 
volts and 24 volts. 
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Lens—Speed £/6.8 £/4.0 £/5.6 


Focal Length 5Y%inches 814 inches 20 inches 
(Telephoto) 
£/8.0 & £/5.6 
40 inches (Telephoto) 
Type of Shutter Between-the-lens 
Shutter Speeds 54-inch and 40-inch—1/50, 


1/100, 1/150 second. 
8l4-inch and 20-inch—1/75, 
1/150, 1/225 second. 

Type of Magazine 1. Detachable, interchangeable 
roll film magazine with piston 
and cylinder, providing a self- 
contained vacuunr back. 

2. Sheet film magazine adapter. 


Negative Size / 654 x 7 inches on roll film, 
§ x 7 inches on sheet film and 
plates. 

Film Load Size 7 inches x 25 feet, 7 inches x 


62 feet, 7 inches x 125 feet, 
sheet film and plates. 


Number of Exposures 40, 100, 200, 12. 
Weight of Camera Loaded 5Y, inch, 85 lb. 814 inch, 40 
| Ib. 20 inch, 48 Ib. 40 inch, 
60 Ib. 5 
Special Features Recording chamber (all mod- 


els), fast electric operating 
cycle—114 seconds. When used 
with 20-inch and 40-inch 
lenses, it is an ideal camera for 
reconnaissance work. 


The F-56 is designed as an all-purpose camera, 
equally suitable for oblique or vertical photography. 
It can be operated either manually or electrically. 
The camera can be attached to either the F-56 vertical 
camera mount or the F-56 oblique camera mount. 
While the F-56 is considered usable for hand-held 
oblique photography with the 514-, 814-, and 20-inch 
lenses, the 20-inch lens combination weighs approxi- 
mately 43 pounds. 

When roll film is used, the film transport (wind- 
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ing) mechanism is coupled with the shutter cocking 
mechanism. When sheet film is used, the change must 
be made manually and the shutter cocked separately, 
since in this case there is then no connection between 
the film transport and shutter mechanisms. 

This camera consists of a film magazine (roll or 
sheet film) and a lens cone with the lens and shutter. 
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Figure 6—The F-56 camera. 


The roll film magazine contains the necessary spin- 
dles, pivot knobs, and guides, as well as the vacuum 
back with a piston which creates the necessary suction 
to hold the film perfectly flat in the focal plane at the 
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instant of exposure. The magazine is equipped with 
a dark slide, film indicator, and an indicator which 
shows the movement of the film during the winding 
operation. When a sheet film magazine is used, the 
film is shifted entirely by hand after each exposure. 
The number of exposures available is dependent upon 
the number of loaded magazines which can be carried. 
Glass plate magazines can be substituted for the sheet 
film magazines. 

The lens cone contains the lens, shutter, retard 
kneb, diaphragm knob, drive, quick-wind handle (for 
manual operation), winding handle, grip handle, 
oblique trip lever, vertical trip lever, oblique view- 
finder, recording chamber, level, exposure counter, 
motor, battery, and sockets. Filters are fitted to the 
lenses by means of bayonet lock attachments. 

The film transport and shutter cocking mechanism, 
referred to as the “drive,” can be operated by the 
quick-wind handle, the winding handle, or the motor. 
The drive contains a solenoid (an electrical coil) for 
automatic tripping of the camera shutter, and it also 
actuates the exposure counter. 

When this camera is used for oblique photography, 
the quick-wind handle (right hand) and grip handle 
(left hand) are attached and the camera is operated 
by the oblique trip lever. When it is used for vertical 
photography, these two handles are removed, the 
winding handle is used for transporting the film and 
cocking the shutter, and the vertical trip lever is used 
to operate the camera. 

The RECORDING CHAMBER with which this camera 
is fitted consists of a recording watch, a recording 
lens, and a recording lamp. The chamber is acces- 
sible through a small door which is situated on the 
front surface of the camera to the left of the oblique 
viewfinder. The watch, which is removable for wind- 
ing, is equipped with a sweep second hand and indi- 


76 


cates the hour, minute, and second of the exposure. 
This time is recorded right on the film. Often it will 
be indispensable in interpreting and analyzing the 
photograph. Also it marks the picture in its proper 
sequence. Hence the films can be arranged correctly 
even if they have become separated. 

The recording lens is of one-inch focus with stops 
from f/3.5 to f{/16. The recording lamp illuminates 
the recording chamber at the time an exposure 1s 





Figure PeAecaing chamber on the F-56. 
made. It is run on three 1144-volt standard dry cell 
flashlight batteries when the camera is manually oper- 
ated, or on current automatically obtained from the 
plane power connection when the camera is elec- 
trically operated. The lamp is a 3.2-volt, G. E. 
Mazda lamp, type No. 45. When a film having a 
rating of 100 is used, the recording lens should be 
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stopped down to f/5.6. If faster films are used, it 
should be stopped down proportionately. 


OPERATION OF THE F-56 


Since the sheet film or plate magazines for this 
camera are loaded in the usual manner, there is no 
need to take space here to discuss the operation. 
Actually any one of these magazines is LOADED AND 
OPERATED IN EXACTLY THE SAME MANNER AS THE 
4x 5 MAGAZINE USED ON THE GRAFLEX CAMERA with 
which you are already well acquainted. 

The roll film magazine takes a roll of 7-inch film 
measuring 137 feet in length, of which 6 feet is 
leader and 6 feet is trailer, leaving 125 feet of usable 
film. In loading this magazine, you begin proceedings 
in the darkroom with white lights on. Loosen the 
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Figure 8—Loading the F-56. 


LIGHT SLIDE 





magazine cover locking knob and remove the maga- 
zine cover. Set the magazine on the table so that the 
supply spool position is nearest you (the spool pivot 
knobs will be on the right). Remove the dark slide 
and place it in a handy position. Remove the empty 
spool from the supply spool position. Lift the maga- 
zine momentarily and, with the aid of a screw driver 
or coin, turn the magazine wind coupling shaft on 
the bottom of the magazine about a quarter of a turn 
in the counterclockwise direction. This last operation 
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releases the front and rear film flippers to allow the 
metering roller to run free, and enables you to thread 
the film through the focal plane. Insert the empty 
film spool in the take-up side of the magazine. ‘Turn 
the spool until it is engaged properly, with the core 
slot facing up so that the end of the film leader can 
be inserted quickly and easily. Now place a short 
piece of adhesive tape and the film container, with 
its tape loosened, where they can be reached easily. 

THE REMAINDER OF THE PROCESS OF LOADING IS 
CARRIED OUT IN TOTAL DARKNESS, since aerial film 1s 
so sensitive to light of all colors that no safelight can 
be used. 

Remove the tape from the film container. Place 
the loaded film spool in the supply side of the maga- 
zine in such a way that the film will unwind from the 
bottom of the spool. Thread the film around the film 
roller. Tilt the magazine on its left side. Holding 
the pressure roller away from the film roller, guide 
the film through the focal plane past the vacuum 
back. (Be sure that the film is led past the reference 
indexes without snagging on them. These indexes 
are the tiny metal pointers which make the collima- 
tion marks on the film. ) 

Then thread the film between the film and pressure 
rollers. Set the magazine back on its base. Check the 
position of the film between the film and pressure 
rollers. Bring the film up under the take-up spool. 
Insert the end of the leader in the core slot. Center 
the leader, crease it, and tape down the end with the 
small piece of tape previously set aside for this pur- 
pose. Turn the take-up spool through two complete 
revolutions. Replace the magazine cover. Tighten 
the magazine cover locking knob. Insert the dark 
_slide. Then turn on the white light. 

Fit the loaded magazine to the camera. Wind the 
camera and trip the shutter eight times to transport 
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the leader past the exposure aperture and bring the 
film into position. 

In the operation of this camera for vertical photog- 
raphy, the vertical viewfinder is an integral part of 
the F-56 vertical mount. The camera is rotated on 
the mount until the image of some point below the 
plane travels in a direction parallel to the drift lines 
ruled on the ground glass of the viewfinder. This 
procedure, to be explained more fully for you later, 
will determine the true direction of flight and auto- 
matically set the camera at the proper angle. 

The elapsed time that it takes this image of an 
object on the ground to travel from one overlap line 
to the opposite overlap line on the ground glass of 
the viewfinder determines the time interval to be set 
on the intervalometer. (You will learn more, later in 
this chapter, about this instrument which times the 
interval between “shots.”’) 

The procedure for vertical photography, once you 
have come up to the area to be photographed, is as 
follows— 

Remove the lens cap. 

Attach the proper filter. 

Connect the intervalometer cable. | 

Set the lens diaphragm at the proper aperture. 

Set the recording lens diaphragm at the correct 
aperture for the film being used. 

Wind and set the recording watch. 

Set the camera shutter speed. 

Determine the time interval and set this on the 
intervalometer. | 

Remove the dark slide and place it in the re- 
tainer on top of the magazine cover. 


When you are through shooting, the steps are— 
Replace the dark slide. 
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Turn the intervalometer dial to 75 seconds, let 
it trip once, and then immediately turn the dial to 
“STOP.” 
Disconnect the intervalometer cable. 
Remove the filter. 
Replace the lens cap. 


If the camera is being operated with a fully electric 
hook-up, including the intervalometer, the film wind- 
ing and shutter cocking, as well as the tripping of 
the shutter, are entirely automatic. When the camera 
is used without the intervalometer, but on an elec- 
trical hook-up, the film is wound and the shutter 
cocked automatically, but the shutter is tripped with 
the vertical trip lever. If the camera is operated en- 
tirely by hand, the winding handle is used to trans- 
port the film and cock the shutter. and the vertical 
trip lever is used to trip the shutter. The dry cell 
batteries on which the recording lamp is run should 
be checked before operating the camera manually. 

If the camera is to be used for oblique photog- 
raphy, the procedure is somewhat different. The 
514-inch, 814-inch, and 20-inch lens combination are 
hand-held, while the 40-inch lens combination is at- 
tached to the Type F'-56 oblique camera mount. 


Attach the left hand grip handle and quick-wind 
handle. 

Remove the lens cap. 

Attach the proper filter. 

Set the lens diaphragm. 

Set the recording lens diaphragm. 

Wind and set the recording watch. 

Set the proper shutter speed. 

Set the oblique viewfinder into position. 

Remove the dark slide but do not put it in the 
retainer on top of the magazine cover. 
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When you are operating the camera entirely by 


hand— 


Check the dry cell batteries in the recording 


chamber. 


Wind the film and cock the shutter with the 


quick-wind handle. 


Trip the shutter with the oblique trip lever. 
When you are operating the camera electrically— 

Attach the power cable. to the camera for auto- 
matic winding of the film and cocking of the 


shutter. 


Trip the shutter with the oblique trip lever. 


Before tripping the shutter, you should be abso- 
lutely certain that the camera is held firmly against 
the chest, and that the elbows, or for that matter any 
parts of the body above the waist, ARE NOT RESTING 
AGAINST THE PLANE. These precautions are for the 
purpose of minimizing vibration. 

When you are through shooting, replace the dark 
slide, remove the filter, detach the power cable (if 
the camera has been on semi-automatic operation), 


and replace the lens cap. 
K-3A 


Purpose 


Method of Operation 


Lens— 

Speed 

Focal Length 
Type of Shutter 
Shutter Speeds 


Type of Magazine 
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Observation spotting and verti- 
cal mapping. | 

Manual (winding crank) and 
electrical (automatic), using 12 
volts. 


£/4.5 

12 inches 

Between-the-lens. 

1/85, 1/50, 1/100, 1/150 
second. 


Detachable, interchangeable, 
roll film magazine (A-1A) with 
glass contact plate and actu- 
ated metal pressure plate. 


Negative Size 

Film Load Size 

Number of Exposures 
Weight of Camera Loaded 
Special Features 


Purpose 


Method of Operation 


Lenses— 
Speed 
Focal Length 


Type of Shutter 
Shutter Speeds 


Type of Magazine 


Negative Size 
Film Load Size 
Number of Exposures 


Weight of Camera Loaded 


7 x 9 inches. 

914 inches x 75 feet. 

110 

45 |b. 

Recording chamber for time, 
altitude, etc. This camera is 
no longer manufactured, but 
many are still in use in the 
Navy. 


K-3B 


‘volts. 
£/6.8 £/4:.0 3/5.0 
6inches 814 inches 12 inches 
£/6.0 
24 inches 
Between-the-lens. 
£/6.8-1/50, 1/100, 1/200 
1/300 second. | 
f/4.0-1/80, 1/50, 1/100, 
1/150 second. | 
f/5.0-1/80, 1/50, 1/100, 
1/150 second. 
f/6.0-1/80, 1/50, 1/100, 
second. 
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Oblique and general purpose 
mapping. 

Manual (winding crank) and 
electrical (automatic), using 12 


1. Detachable, interchangeable 
roll film magazine (A-1B) 
with vacuum back utilizing suc- 
tion from outside source. 

2. B-1 sheet film holder back. 
” x 9 inches on roll films; 8 x 
10 inches on sheet film. 

91, inches x 75 feet; sheet 
film. 

110; two exposures per film 
holder. 

814 inch—4014 lb. 12 inch— 
44 |b. 


At the beginning of World War II, improvements were made 
in the design of the K-3B. They included an increase in its film 
size, a new type of magazine (A5) and a general strengthen- 
ing of the case drive and motor. This new design was given the 
designation of K-17. The K-3B has accordingly been superseded 


by the K-17. 


Purpose 
Method of Operation 
Lens— 

Speed 

Focal Length 
Type of Shutter 
Shutter Speeds 
Type of Magazine 
Negative Size 
Film Load Size 
Number of Exposures 
Weight of Camera Loaded 


Purpose 


Method of Operation 


Lens— 

Speed 

Focal Length 
Type of Shutter 
Shutter Speeds 


Type of Magazine 


Negative Size 

Number of Exposures 
Weight of Camera Loaded 
Note 


K-7C 


-Day reconnaissance. 
Manual. 


£/6.0 

24 inches. 
Between-the-lens. 

1'/50, 1/100, 1/150 second. 
A-4, or A-6. 

9 x 18 inches. 

914 inches x 75 feet. 

4:7 

66 lb. 


K-12 


Night photography with flash 
bombs. , 
Manual (winding crank) elec- 
trical (photo cell), using 12 
volts. 


£/3.5 

1314 inches. 

Between-the-lens. 

1/20, 1/30, 1/40 second (old 
model). 

1/30, 1/45, 1/70 second (re- 
cent models). - 

Open frame utilizing B-1 sheet 
film holder. 

8 x 10 inches sheet film. 

Two per holder. 

64 Ib. 

This camera has been super- 


seded by the K-19. 
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Purpose 


Method of Operation 


Lenses— 
Speed 
Focal Length 


Type of Shutter 
Shutter Speeds 


Type of Magazine 


Negative Size 


Film Load Size 
Number of Exposures 
Weight of Camera Loaded 


Notable Feature 


K-17 


All purpose _ reconnaissance 
mapping camera, designed for 
both vertical and oblique (spot- 
ting) photography. Equipped 


‘ for permanent installation in 


aircraft. It is an outgrowth of 
the K-3B, which it supersedes. 
Manual (winding crank), or 
electrical (automatic), using 24 
volts. 


£/6.8 
6 inches 
Between-the-lens. 

6 inch—1/50, 1/100, 1/200, 
1/300 second. 

12 inch—1/75, 1/150, 1/225 
second. 

24 inch—1/50, 1/100, 1/150 
second. 


£/5.0 
12 inches 


£/6.0 
24 inches 


1. Detachable, interchangeable 
roll film magazine (A5), with 
vacuum back utilizing suction 
from outside source (venturi or 
pump). 

2. B-1 sheet film magazine. 

9 x 9 inches on roll film; 8 x 10 
inches on sheet film. 

914 inches x 150 feet; sheet film. 
190; two per holder. 

6 inch—54 lb.; 12 inch—57144 
lb.; 24 inch—77 lb. 

By the simple substitution of 
certain unit assemblies, the K- 
17 can be utilized for a wide 
variety of photographic mis- 
sions. 

The K-17A is for 12-volt oper- 
ation. 

The K-17B is for 24-volt oper- 
ation. 


This camera is used in the Navy for vertical pho- 
tography chiefly, in the standard vertical mount, but 
it also can be accommodated in an oblique mount. 

The shutter and film transport mechanism are 
coupled together so that changing the film and re- 
cocking the shutter are accomplished in one move- 
ment. Optically flat filters are part of the equipment 





Figure 9—The K-17 camera. 


for each lens cone. A bayonet lock is used with the 
12- and 24-inch cones, but the filters for the 6-inch 
cone are attached by means of thumb screws and 
should therefore be considered as a permanent at- 
tachment. | 

The K-17 camera consists of the film magazine, 
which can be used interchangeably with the various 
lens cones, and three lens cones for the three different 
focal length lenses available for this outfit. Kach cone 
contains a lens, a lens diaphragm, and a between-the- 
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lens shutter. The film is held flat in the focal plane 
by a vacuum attachment obtaining its suction from 
an outside source to which the camera is connected 
by a length of flexible hose. The suction is cut off 
during the winding cycle and turned on again for 
the period of the exposure by two simple automatic 
valves. 

A direct vision viewfinder is attached to the camera, 
and level bubbles are built in to assure proper leveling 
of the camera. 

The shutter speed and lens diaphragm settings are 
controlled by dials on the camera. The film transport, 
shutter cocking, and trigger release controls are 
placed close together for maximum convenience and 
efficiency. 

This camera can be operated manually in the usual 
manner, or it can be operated electrically on a 24-volt 
circuit. It can also be operated electrically in con- 
junction with a 24-volt intervalometer for automatic 
control of the interval between exposures. 


OPERATION OF THE K-17 


The roll film magazine for the K-17 camera may be 
loaded in subdued light when using daylight loading 
aerial film. However total darkness is necessary when 
using a roll of aerial film that does not have a light 
tight leader. 

The roll of film to be loaded into the magazine 
should be placed on the loading table in a spot where 
it can easily be found when it is needed. The end 
of the adhesive tape should be loosened so that it can 
easily be removed in the dark. Unscrew the magazine 
cover locking knob and remove the cover from the 
magazine. Remove the dark slide and place the maga- 
zine so that the feed spool is nearest to you. Remove 
the empty spool by unscrewing the film spool release 
pivot knob. Insert the spool between the take-up 
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Figure 10—Loading the K-17. This diagram applies also to the K-19. 
spool spindle and the film spool release pivot. (Make 
certain that the slot in the spool has engaged the 
take-up spool spindle key.) Screw in the film spool 
release pivot knob. Then turn the empty film spool 
so that the slot in the core faces up, where it can 
readily be found in the dark for insertion of the end 
of the film leader. Place a two-inch length of one- 
inch adhesive tape where it can be found easily. 

If the film has a light tight leader, carry on in sub- 
dued light. If it has no leader, turn out all lights at 
this point. Remove the loaded film spool from its con- 
tainer. Insert the spool between the film spool release 
pivot and the film spool spindle so that the film will 
unwind from the bottom of the spool with the emul- 
sion toward you. (Make certain that the key of the 
film spool spindle is properly seated in the key slot 
of the film spool.) Screw in the film spool release 
pivot knob. 

Now thread the film around the film guide roller. 
Tilt the magazine on its left side, and guide the film 
through the focal plane past the vacuum back. Be 
very careful that it passes under the index marks 
without catching or snagging on them. Thread the 
film around the film metering roller and set the maga- 
zine down on its base again. Now bring the end of 
the film leader up under the take-up spool. Insert 


the end of the film in the slot in the spool core. Cen- 
ter the film, crease it, and fasten it with adhesive 
tape. Turn the take-up spool spindle knob through 
two complete revolutions. Insert the dark side, re- 
place the cover, and tighten the magazine cover lock- 
ing knob, 

Attach the magazine to the camera by placing the 
left side in the magazine seat on the camera case with 
the magazine end fitting into the two magazine lock 
plungers. Check to be sure that the magazine is 
seated properly. Turn the magazine retaining lock 
knob half a turn to lock the magazine in place. Wind 
the film leader through the magazine by winding and 
tripping the film transport and shutter mechanism 
ten times. This procedure brings the film into posi- 
tion for the first exposure. If the film has no leader, 
no extra winding is required; the film is ready for 
shooting. | 
_ To attach the sheet film magazine, press down the 
two magazine lock plungers, slip the open end of the 
-magazine under the two magazine retaining plates, 
and then seat and turn the magazine retaining lock 
half a turn to lock it in place. This magazine is built 
to accommodate standard 8 x 10-inch sheet film 
holders, each holding two films, which are loaded in 
the darkroom in the usual manner. The capacity of 
the camera is limited only by the number of film- 
holders carried. | 

After you have installed the camera in the stand- 
ard vertical mount according to the instruction 
manual furnished by the manufacturer, proceed as 
follows to take vertical photographs— : 

Connect the cables between the intervalometer, 
camera, and power supply. Check the intervalom- 
eter, camera, and viewfinder for proper operation. 

Remove the lens cap. 

Attach the proper filter. 
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Determine and set the lens aperture. 

. Determine and set the proper shutter speed. 
Check the exposure counter on the magazine. 
Fill in the data on the magazine. 

Determine the time interval between pictures 
and set the intervalometer. 7 
Remove the dark slide and insert it in the dark 


shde retainer. 


When you are through taking pictures, replace the 
dark slide, shut off the intervalometer, remove the 
filter, and replace the lens cap. : 


Purpose 


. Method of Operation 


Lens— 

Speed 

Focal Length 
Type of Shutter 
Shutter Speeds 
Type of Magazine 


Negative Size 

Film Load Size 

Number of Exposures 
Weight of Camera Loaded 
Note 
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K-18 


High altitude, large scale re- 
connaissance and_ intelligence 
vertical and oblique photo- 
graphs with an exceptionally 
large negative size. 

Manual (winding crank), and 
electrical (automatic) using 24 


volts. 


£/6.0 

24 inches. 

Between-the-lens. 

1/50, 1/100, 1/150 second. 
Detachable, interchangeable 
roll film magazine (A7) with 
vacuum back utilizing suction 
from outside source (venturi or 
pump). 

9 x 18 inches. 

914 inches x 75 feet. 

48. 

88 lb. 

This camera is the same as the 
K-7C except that it can be 
electrically operated. It is spe- 
cifically equipped to meet all 
the requirements of large-scale, 
high altitude photography. 
The K-18A is for 12-volt oper- 
ation. 


The K-18 camera is designed and constructed for 
vertical photography, though it can be used for 





Figure 11—The K-18 camera. 


oblique photography under some conditions. This 
camera can be fitted into the standard vertical mount 
for use as a vertical camera. 

The shutter cocking and film transport mechanism 
are coupled together for speed, convenience, and ac- 
curacy in operation. Glass filters can be attached to 
the front of the shutter housing by means of a bay- 
onet lock. 

The camera body of the K-18 contains the lens, 
lens diaphragm, and shutter mechanism along with 
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the film transport mechanism. This camera is not 
supplied with attachments for using the sheet film 
or plate magazines. Flatness of the film during ex- 
posure is assured by a vacuum back receiving suction 
from an outside source to which the camera is con- 
nected by a flexible hose. 

While most aerial cameras can be operated with 
lens apertures of f/22 and f/32, the smallest aper- 
ture available with this camera ig f/16. 

All the operating controls are placed on the camera 
in positions selected for the greatest convenience in 
operation. This camera can be operated manually in 
‘the usual manner, but it can also be operated elec- 
trically on a 24-volt circuit. A solenoid is used to trip 
the shutter when the camera is being operated with 
an intervalometer. 


OPERATION OF THE K-18 


The roll film magazine may be loaded in subdued 
light or in total darkness, depending on the type film 
used. In using darkroom load film, remove the maga- 
zine from the camera and place it on the loading 
table along with the container of film and a two-inch 
length of 1-inch adhesive tape. Arrange everything 
for easy access in the dark. Loosen the magazine 
cover locking knob and remove the magazine cover 
and place it in a convenient place. Set the magazine 
so that the feed spool space (where the new roll of 
unexposed film will be placed) is toward you. With- 
draw the dark side and insert the take-up spool 
between the take-up spool spindle and the film spool 
release pivot. Check to make sure the take-up spool 
key has engaged the key slot in the take-up spool. 
Screw in the film spool release pivot knob. Turn 
the spool so that the slot in the core faces up for 
easiest insertion of the end of the film leader after 
it has been threaded through the camera. In subdued 
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Figure 12—Loading the K-18. 
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light or in total darkness, depending on the type of 
roll used. Remove the roll of film from its container 
and insert it between the film spool spindle and film 
spool release pivot so that the film will unwind from 
the bottom of the spool. When you are certain that 
the film spool is properly seated and the key of the 
spool spindle is properly fitted in the key slot, screw 
in the film spool release pivot knob. 

Now thread the film around the film guide rollers. 
Tilt the magazine on its left side for convenience in 
threading the film past the vacuum back, Thread 
the film leader through the focal plane, between the 
vacuum back and the index marks, and around the 
film metering roller. Set the magazine back on its 
base. Bring the film under the take-up spool and 
insert the end of the leader in the core slot of the 
spool. Center the film, crease it, and fasten it down 
with adhesive tape. Turn the take-up spool spindle 
knob through two complete revolutions. Insert the 
dark slide. Replace the magazine cover. Tighten the 
magazine cover locking knob. 

Now attach the loaded magazine to the camera. If 
the film has a leader, wind and trip the film transport 
six times to wind the leader through and bring the 
film into position. If darkroom load film is used, no 
further winding is necessary after attaching the 
magazine to the camera. Set the exposure counter at 
Zero. 

After installing the camera in the plane for vertical 
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photography, you are ready to begin shooting. Just 
before you reach the scene of operations, you should 
eheck the camera, viewfinder, and intervalometer for 
operation. Then the procedure is as follows— 

Remove the lens cap. 

Attach the proper filter. © 

Set the lens diaphragm to the proper stop. 

Set the shutter for the proper speed. 

Check the number on the magazine film counter. 

Fill in the data card on the magazine. 

Determine the time interval between exposures 
and set the intervalometer. 

Remove the dark slide and insert it in the dark 
slide retainer. 

When you have finished shooting, replace the dark 
slide, shut off the intervalometer, remove the lens 
filter, and replace the lens cap. . 

While it is definitely not designed for oblique pho- 
tography, the K-18 can be used for this purpose. 
Because of its weight and bulk it should be mounted 
on a support so that the weight will be taken away 
from the photographer, allowing him to concentrate 
on its operation. The procedure in using this camera 
for oblique photography is as follows— 

Open the oblique viewfinder by pressing on the 
viewfinder sight lock to release the sight and then 
pressing the viewfinder frame to the side and pull- 
ing up on it. 

Attach the grip handle and the trip handle. — 

Attach the vacuum connector. 

Check the film counter on the magazine. 

Remove the lens cap. 

Attach the proper filter. 

Set the lens diaphragm to the proper stop. 

Set the shutter for the proper speed. 

Remove the dark slide and lay it aside. Do not 
place it in the dark slide retainer. 
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Use the oblique trip trigger to make the expo- 
sure. 

Transport the film and recock the shutter by 
hand. 


When you are through shooting, insert the dark 
slide, remove the lens filter, and replace the lens cap. 


K-19 
Purpose ) Night aerial photography (used 
with flash bombs). 
Method of Operation Manual (winding crank), or 


electrical (automatic wind), 
using 24 volts. Electrical trip. 
Lens—Speed £/3.5 
Focal Length 1314 inches. 
Lens cannot be stopped down 
because it is not fitted with a 


diaphragm. 
Type of Shutter Between-the-lens. 
Shutter Speeds 1/25, 1/50, 1/100 second. 
Type of Magazine 1. Detachable, interchangeable 


roll film magazine (A5) with 
vacuum back utilizing suction 
from outside source (venturi or 


pump). 
2. B-1 sheet film magazine. 
Negative Size 9 x 9 inches, on roll film; 8 x 
10 inches on sheet film. 
Film Load Size 9 inches x 200 feet, sheet film. 
Number of Exposures 250 on roll film; two per 
holder. 
Weight of Camera Loaded 40 |b. 
Note Both the K-19 and K-17 use 


A5 magazines. 


The K-19 is the only unit now being manufactured 
which is designed for taking night aerial photographs. 
Night photographs taken with the K-19 camera 
are clear and sharp in every detail and have the ap- 
pearance of having been taken in daylight. This in- 
genious fellow is a highly accurate, fully automatic 
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Figure 13—The K-19 camera. 
unit which operates at the instant the light from a 
flash bomb reaches its peak intensity. 

Its design incorporates a photoelectric cell unit, 
combined with an amplifier unit to build up the cur- 
rent. The photocell is activated by light from the 
flash bomb and operates the camera. A magnetic 
shutter of new design reduces to a minimum the lag 
between the time the photocell picks up the light and 
the time the shutter is tripped to make the exposure. 

The camera consists of a film magazine (roll 
film, sheet film, or plates), the camera case, and the 
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lens cone. The sheet film or plate magazines are en- 
tirely manual in operation, but the roll film magazine 
is coupled to the camera case mechanism for auto- 
matic transport of the film. An electric motor, re- 
ferred to as the “case motor” because it is attached to 
the case, operates the roll film transport and cocks the 
shutter. When the sheet film magazine is used, the 
case motor must be removed. Since the changing of 
the film is done by hand, the shutter must be cocked 
manually with the manual winding lever. The film 
is held perfectly flat in the focal plane during expo- 
sure by a vacuum back receiving suction from an out- 
side source to which it is attached by a length 
of flexible hose. | 

Two levels are built into the camera for use in as- 
suring proper leveling. Shutter speed settings are 
controlled by means of a dial located on the camera 
case near the levels. Just under one of the levels is 
a switch for turning the electric power off or on. On 
the same side as the switch and shutter setting dial 
are three additional devices—a speed timer, a manual 
winding lever, and an exposure counter. ; 

The speed timer is a stem-wound stop watch which 
has a sweep second hand and is connected to the shut- 
ter mechanism for measurement of the time between 
exposures. The timer is of value only in measuring 
the interval between exposures when stereoscopic 
night photographs are needed and the time between 
shots is important. It does not control the timing 
(as the intervalometer does) but acts only to give you 
an indication of the time that passes between expo- 
sures. To wind the timer, press in the timer stud knob 
and turn it slightly in a clockwise direction. Open the 
speed timer carrier and move the winding knob so 
that it is clear. Wind the speed timer and return it 
to the operating position. The timer manual trip 
lever operates only the speed timer. The pressure of 
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the lever starts the timer, a second stops it, and a 
third returns it to the starting position. These opera- 
tions are carried out automatically when the camera 
shutter is in operation. | 

The manual winding lever is used to recock the 
shutter when the case motor is not used, as is the case 
when the sheet film magazine is used. The exposure 
counter is connected to the shutter mechanism and 
records the number of exposures made. 

The principal difference between this camera and 
the others previously discussed lies in the SHUTTER 
MECHANISM and the METHOD OF TRIPPING THE SHUT- 
TER. This shutter is a standard between-the-lens type 
which is cocked in the usual manner, but from then 
on the procedure varies from that of other cameras. 
The K-19 camera must be operated electrically be- 
cause the shutter is designed to trip as soon as it is 
cocked. A trip magnet, which receives its energy 
from the electric power source, keeps the shutter from 
actually tripping until the desired moment. In the 
viewfinder mount in the plane is placed a photocell 
unit. It picks up the light given off by a flash bomb 
‘and amplifies the electrical impulse to move a circuit 
breaker. That de-energizes the trip magnet and thus 
releases the shutter mechanism. As soon as the shut- 
ter has been tripped, the case motor operates the case 
drive to transport the film to the next frame and re- 
cocks the shutter. The re-energized trip magnet then 
holds the shutter closed until the next impulse is re- 
ceived from the photocell unit. When the sheet film 
magazine is used, the case motor must be removed 
and the cocking of the shutter is carried out with the 
manual winding lever. 

Remember that this camera must be connected to 
the power supply because the power is needed to 
energize the trip magnet so that it will control the 
shutter tripping mechanism. 
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OPERATION OF THE K-19 


After the K-19 is set in the vertical camera mount, 
the photocell unit is connected to the camera by the 
photocell connector cable. The switch on the camera 
case 1s checked to make sure that it is in the OFF posi- 
tion. The camera is then connected to the power sup- 
ply by means of the power supply cable. The switch 
on the camera case is then turned to the on position, 
and the case drive automatically winds the film and 
cocks the shutter, if roll film is used, or these opera- 
tions are carried out. manually if sheet film is used. 
W arninc—be sure that the photocell is connected to 
the camera BEFORE the camera is connected to the 
power supply. 

After the photocell has warmed up, which takes 
about 45 seconds, the camera should be tested by 
opening the photocell tube cover and flashing a flash- 
light on the photocell while watching the camera for 
tripping of the shutter. This test should be carried 
out two or three times to make sure the camera is 
operating correctly. Once the camera is operating 
correctly, the photocell tube cover is closed, the photo- 
cell is placed in the viewfinder mount with the tube 
pointing aft, and the camera switch is turned to the 
OFF position. 

As the plane approaches the area of operations, 
proceed as follows to prepare the camera for action— 

Open the photocell tube cover. 

Turn camera switch to the on position. 

Remove the lens cap. 

Pull the dark slide. 

Wind the shutter manually (if no motor is used). 

Wind the shutter after each exposure (if no 
motor is used). 


When you are through shooting— 
Insert the dark slide. 
99 


Turn the camera switch to the orr position. 

Turn the photocell tube cover to the closed posi- 
tion. 

Replace the lens cap. 


K-19A 
Identical with the K-19 except that it has an £/2.5, 
12-inch lens. 
K-19B 
Identical with the K-19A except that it has a high- 
speed motor for shortening the winding cycle. 


K-20 
Purpose Light, rapid-action camera, 
equipped for taking photo- 
graphs, generally oblique, at 
fairly close range (sometimes 
as low as a few hundred feet) 
from modern high-speed air- 


craft. 
Method of Operation Manual (quick-wind lever). 
Lens— 
Speed £/4.5 
Focal Length 63% inches. 
T'ype of Shutter Between-the-lens. 
Shutter Speeds 1/125, 1/250, 1/500 second. 
T'ype of Magazine Film chamber part of camera 
| body; piston and cylinder pro- 
vide self-contained vacuum 
back. 
Negative Size - 4x 5 inches. 
Film Load Size 514 inches x 1914 feet. 
Number of Exposures 50 
Weight of Camera Loaded 11 |b. 


Flyweight champion of the fleet aerial camera 
corps is the K-20. It has a large magazine capacity, 
rapid rewind cycle, direct sighting, ease of manipula- 
tion, and lightness. It supersedes the F-48. The 
original idea was to have every observation airplane 
equipped with a small camera so that the observer 
could supplement his visual observation with photo- 
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graphs. Such a camera had to be light in weight, 
equipped to take photographs rapidly and accurately 
and compact enough to fit in the limited space of an 
observation plane cockpit. 

The film is transported and the shutter cocked with 
the hand grip lever on the right-hand side of the 
camera. The trigger release for the shutter is built 
into this handle. A second grip is attached to the left 
side, but this is a fixed grip designed only for holding 
the camera. A film counting device is fitted on the 
right side of the camera above the film transport lever 
and trigger release. Filters can be attached to the 
front of the shutter and lens by means of a bayonet 
lock. 





Figure 14—The K-20 camera. 


The camera consists of a lens cone and film maga- 
zine in one unit with the shutter and film transports 
built in. A small direct vision viewfinder is fitted to 
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Figure 15—Loading the K-20. 


the camera. This is the smallest of the aerial cameras 
used by the Navy. 


OPERATION OF THE K-20 


The K-20 takes a 1914-foot roll of film which may 
be loaded in subdued light. With the camera placed 
on a table in front of you so that the front surface of 
the lens cone is on the table and the viewfinder is 
farthest from you, you will find a thumb screw on the 
left side. When it is unscrewed, it will release the film 
chamber cover so that it can be slid off toward the 
left. Remove the spool of fresh film from its lighttight 
shipping container. Place it in the near receptacle 
with the film end hanging down in such a way that 
the emulsion is toward you. A “film threading plate” 
(a simple bakelite tool with the rolled edge to be used 
as a handle) is then inserted between the film pres- 
sure plate and the picture aperture. (The shutter 
must be uncocked to do this.) The end of the film is 
inserted above this tool, and fed through to the far 
side of the camera. The end is then passed over a 
small roller and under a pressure roller, which keeps 
tension on the film. Then it goes up onto the take-up 
film spool from the camera (near) side so that the 
film will be wound onto the spool with the emulsion 
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side in. Insert the end of the film in the spool slot. 
Fasten it down with adhesive tape. Remove the film 
threading plate. Turn the spool until all slack has 
been taken up. Be sure the film is threaded through 
correctly and that all slack is taken up before putting 
the film chamber cover back in place and locking it 
by means of the thumb screw. 

The film is transported and the shutter cocked by 
the right hand grip. Rotating this grip forward with 
an underhand twist of the hand and wrist prepares 
the mechanism for moving the film and cocking the 
shutter. Draw the trip back toward you as far as 
it will go. This moves the film the proper distance 
for the next exposure, recocks the shutter, and resets 
the piston to create the necessary suction to hold the 
film exactly in the focal plane during the exposure. 
When an exposure is to be made, THE COCKED SHUT- 
TER SHOULD BE RELEASED BY A VERY EVEN FIRM PRES- 
SURE OF THE TRIGGER FINGER ON THE RELEASE. 

When this camera is operated, the following pro- 
cedure, which is both simple and speedy, should be 
adopted to achieve the greatest possible efficiency— 

Remove the lens cap. 

Select the proper filter for the prevailing condi- 
tions. 

Set the film counter at zero if you are using a 
fresh roll of film. Otherwise, simply note the num- 
ber of exposures remaining on the roll. 

For actual shooting, proceed as follows— 

Select and set the lens aperture desired. 

Select and set the correct shutter speed. 

Frame the image in the viewfinder. 

Hold the camera steady and trip the shutter by 
an even pressure of the finger on the trigger re- 
lease. 

Swing the right grip forward all the way and 
then back all the way to change the film and reset 
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the shutter. It is important that the grip be swung 

ALL the way forward each time. Otherwise the 

camera will jam. : | 
Proceed with the next shot. 


K-25 

Identical with the K-20 camera, except that it also 
includes provisions for electrical (automatic, 24-volt) 
operation. 

The K-25 is designed for fixed installation and 
operation by remote control. Its weight loaded is 
1214 pounds. Once started, this unit runs through its 
film load and automatically shuts itself off. 

One of its important uses is for photographing sub- 
marine attacks. In this capacity, two K-25’s are gen- 
erally employed. One points forward to photograph 
the submarine as the airplane approaches, and the 
other aft to take pictures of the damage done to the 
submarine as the plane leaves the scene of attack, It 
is also ideal for low-altitude sweeps, or “tree-top” 
photography. 

T-3A 

Purpose Multiple-lens camera, used to 
obtain overlapping photo- 
graphs in series for the prepa- 
ration of line-drawn maps, and 
for purposes of military recon- 


naissance and intelligence cov- 
ering large areas. 


Method of Operation 


Lenses— 
Speed 
Focal Length 
Number of Lenses 
Type of Shutter 
Shutter Speeds 
‘Type of Magazine 


Negative Size 


Manual or electrical (not auto- 
matic), using 24 volts. 


£/6.8 

150 mm. 

Five 

Five between-the-lens shutters. 
1/40, 1/60, 1/90 second. 
External vacuum back (five 
chambers). 

514 x 6 inches. 
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Film Load Size | 6 inches x 120 feet. 
Number of Exposures 200 
Weight of Camera Loaded 91 |b. 


A single exposure of the T-3A camera produces 
one vertical control negative and four obliques. From 
these are prepared a single composite picture which 
covers a ground width of one mile for every thousand 
feet of flying altitude. For example, at a flying height 
of 20,000 feet, the strip of terrain photographed is 20 
miles wide, the scale of the photograph being 
1:40,000, 


F-46 


Purpose Known as a “Torpedo Cam- 
era,’ the F-46 records the re- 
sult of a genuine or practice 
aerial torpedo attack. 

Method of Operation Automatic, by remote control, 
electrically, with 45 second in- 
terval between exposures. 


Lens— 
Speed £/4.0 and £/4.5. 
Focal Length 5-inch wide-angle. 
Type of Shutter Louvre. 
Shutter Speed 1/100 second. 
Type of Magazine Removable; for roll film. 
Negative Size 2 x 7 inches. 
Film Load Size Specially spooled 214-inch roll 


film sufficient for four expo- 
sures, 2 x 7 inches. 


Number of Exposures Four. 


Of British design, the F-46 camera is attached to 
torpedo-carrying aircraft and boresighted with the 
plane’s line of flight. It is electrically operated and 
connected to the torpedo release circuit so that an 
exposure is made at the time of release. The result- 
ing photograph will show the target ship, and when 
analyzed by means of assessing equipment, will yield 
information on the flight altitude of the aircraft at 
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the time of torpedo drop, the range, lead angle, target 
angle, and whether or not a hit has. been scored. 

When used for training, the Torpedo Camera pro- 
vides a means of practice without the attendant diffi- 
culties of using real torpedoes. Under combat condi- 
tions, the photographs give a positive means of target 
identification as well as a check on pilot technique. 

The F-46 is the only Naval aerial camera having 
the LOUVRE type shutter. It can best be described as 
a miniature Venetian blind. The lattices are very 
thin. When they are parallel to the plate, they over- 
lap somewhat like shingles on a roof and the shutter 
is closed. When the shutter is released, the lattices 
turn on their longitudinal axis to a position at right 
angles to the plate. This allows the light to pass to 
the sensitized emulsion and the lattices immediately 
return to their closed position. 

_ A yellow filter with a filter factor of 2 is used. The 
aperture must be set before taking off. It is better 
to make the exposure too full than too thin. 

F-46 cameras are for either 12-volt or 24-volt 
operation, and are not interchangeable. 

Since only one torpedo is dropped per run, the 
45-second interval between exposures is considered 
adequate. 

Provision for mounting the camera on the wing 
will be incorporated in all torpedo-carrying aircraft. 
The angle of view on the horizontal axis is 77° and on 
the vertical 30°. On the bottom of the camera is a 
recording chamber with a lens and light to throw an 
image of a watch or data card on the film for a per- 
manent identification record. 


THE STRIP CAMERA 


You remember the old panorama camera. That was — 
the one which took the picture of your class on the 
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front steps of the high school—and after the camera 
passed you, you ran around to the other end so you 
could get in the picture twice. The principle of that 
camera has now been glorified into one of the latest 
aerial cameras—the strip or continuous strip camera. 


The circuit camera (the more exact name for the 
panorama camera) was turned on its bed by means 
_ of a motor, being revolved about the tripod head. The 
strip camera is carried past the subject by the air- 
craft in which it is mounted. 





Figure 16—A strip camera. 


By means of a viewfinder, you can determine the 
speed at which the image is traveling across the 
image plane. Then the speed at which the film travels 
can be adjusted by means of a rheostat so that the 
film is traveling at exactly the same speed as the 
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image. The film is exposed as it passes a slit in the 
focal plane. Since the image and film are traveling in 
perfect synchronization, the resulting picture is ‘sharp 
and clear. - 

Planes flying faster than 300 miles per hour can 
be used to obtain perfectly sharp and relatively un- 
distorted continuous strip photographs of the terrain 
at elevations as low as 200 feet. The only real prob- 
lem in using this camera is to be sure that the IMAGE 
AND THE FILM ARE TRAVELING AT THE SAME SPEED. 

The aerial strip camera is a very new development. 
It received its “baptism of fire” in World War II. 
Doubtless its use in the fleet and elsewhere will in- 
crease as the equipment and method undergoes fur- 
ther perfection. Used with proper technique and 
under correct circumstances, the strip camera will 
produce a long picture which, for a single flight strip, 
may equal or surpass the mosaic composed of a series 
of pictures. It may in time replace present methods 
entirely. But at this writing it had not attained such 
general and standardized use as to warrant a detailed 
description of its operation. 


OTHER CAMERAS 


Certain other cameras are found here and there 
among various Navy units. They include the F-4 
(now obsolete), the F-14, and the F-25 (superseded 
by the F-56). Their use is not general enough to 
merit inclusion in this presentation. 


INSTALLATION METHODS CHANGE 


Installation of the various cameras in their respec- 
tive mounts is not covered here in detail because 
changes are taking place so frequently that the infor- 
mation would not remain complete enough for prac- 
tical purposes. Up-to-date information on installa- 
tion, maintenance and repair of equipment is usually 
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available in instruction manuals supplied by the 
manufacturers. A Photographer’s Mate should study 
the instruction manual for a camera before working 
with it, particularly before installing it. 


VIEWFINDER AND INTERVALOMETER 


In oblique photography the oblique viewfinder is 
used in viewing and framing the subject. In vertical 
photography it is necessary to use a much more ac- 
curate method to frame the picture area properly. 
Since oblique photographs are usually individual 
shots, the ordinary viewfinder is adequate for all 
needs. But when tilt and angle of camera, straight 
line flight, and overlap of picture areas become im- 
portant, a really accurate instrument is demanded. 
Therefore the Navy uses a VERTICAL AERIAL VIEW- 
FINDER. | 

Here again, as in the method of loading and oper- 
ating cameras, the way to work the viewfinder will 
not become entirely clear until you have one before 
you and actually use it. This outline will give you a 
general idea which will make the job easier when you 
come to it. At that time you will find it helpful to 
refer again to the following explanation. 

The aerial viewfinder used by the Navy looks like 
a small aerial camera without a film magazine or 
shutter mechanism. THAT IS ACTUALLY WHAT IT IS. 

It consists of a lens, viewfinder cone, ground glass, 
light shields, a spirit level, and a hollow ball and 
socket mounting. The finder is attached to the deck 
of the plane between the photographer’s knees and 
with the short way of the ground glass running fore 
and aft. 

The ground glass is protected from excessive light 
by the light shields. Mounted on the top of the view- 
finder is the small round spirit level to show when 
the ground glass is level. At the base of the cone, near 
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Figure 17—Aerial viewfinder. 


the ball and socket swivel, is a pointer with a degree 
scale to indicate the angle between the flight line and 
the fore-and-aft center line of the plane. By reading 
the number of degrees on the scale, you can adjust 
the camera in its mount so that the rectangle of the 
camera image exactly matches the rectangle of the 
viewfinder ground glass. The viewfinder will also help 
you direct the pilot in correcting for the drift of the 
plane due to cross winds. 

The ground glass is marked off with straight lines 
one-half inch apart known as “drift lines,” which run 
fore and aft parallel to the short dimension of the 
glass. The glass also has one line across the center 
parallel to the long side and two additional lines 
parallel to and equidistant from the center cross line. 
These two additional lines mark the effective usable 
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area, of the film in the particular camera with which 
the viewfinder is used and are known as the “overlap 
lines.” (Overlapping of aerial pictures for mapping 
is explained in Chapter 4.) , . 

Ground glasses marked for use with different film 
sizes (all regular glasses are for 7 x 9-inch) and for 
use with lenses of different focal lengths can be fur- 
. nished for use in the viewfinder. They are easily inter- 
changed by loosenmg a retaining screw, removing the 
glass, inserting the new glass, and retightening the 
retaining screw. 

This viewfinder is fitted with either an’ 814-inch or 
10-inch lens when used by the Navy. The case fur- 
nished with the viewfinder has a compartment for 
storage of extra ground glasses. 

In using the viewfinder, you insert the ground 
glass for the focal length of the lens you are using, 
mount the finder in the plane, and install the camera 
and intervalometer. You are then ready to begin 
shooting. 

Just before you reach the area to be photographed, 
you begin checking with the viewfinder. A. flight line 
has been determined and as the pilot approaches the 
area, he is flying at the predetermined altitude. You 
level the viewfinder and .turn it until the predeter- 
mined imaginary flight line is parallel to the drift 
lines on the ground glass. Next check for drift and 
set the camera so that the angle of the camera to the 
center line of the plane is exactly the same as the 
angle of the viewfinder. Pick up some point on the . 
ground under the nearer cross line and note the num- 
ber of seconds it takes for this point to travel from 
the nearer cross line, past the center line, to the 
farther cross line. This time is the interval between 
exposures for an overlap of 60 percent in the pictures, 

You must keep a very close watch on the image 
in the viewfinder from this point on, keeping both 
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finder and camera level and adjusted so that the side 
edge of the image is always parallel to the line of 
flight. As soon as the area to be mapped has been 
reached, begin shooting, Trip the shutter every so 
many seconds according to the interval determined 
and at the same time keep a check on the position 
and course of the plane and on the positions of the 
viewfinder and camera. 

This process, as described so far, calls for trippin 
the shutter of the camera by hand, a procedure tha 
may be far from satisfactory in practice. Two other 
instruments are available to make the procedure more 
accurate and also somewhat simpler. These are the 
intervalometer and the automatic interval timer. 

The INTERVALOMETER 1s used in conjunction with 
the vertical viewfinder. The intervalometer is an elec- 
trically operated device placed in the electric circuit 
between the power source and the camera to regulate 
the interval between exposures when a series of nega- 
tives is being made for a flight strip. It consists of 
a case about 5 x 5 x 8 inches containing a small motor 
with a governor that can be set to keep the shaft re- 
volving at a fixed speed. The motor works at 60 cycles 
per second when it is correctly adjusted. The case is 
hung somewhere near the camera, where it can easily 
be reached by the photographer, with its back against 
the wall. 

Different models of intervalometers vary in ap- 
pearance and arrangement of controls. One model is 
illustrated and described here. 

The top is a plain surface. On the right side is a 
recessed screw which is turned one way or the other 
to adjust the motor to 60 cycles (this should be done 
only by an experienced man equipped with the neces- 
sary tools). On the bottom are two electrical connec- 
tions, one for the warning light and one for the cam- 
era. On the left side, near the back, is a button, with 
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a cross-cut head which, when pressed in and revolved, 
serves to start the motor if 1t should stop on dead cen- 
ter and refuse to start automatically when 'the current 
is on. Near the top front on the same side is a milled 
thumb screw which controls the exposure counter. 
This is used to reset the counter before each flight or 
each run. 
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Figure 18—The intervalometer (at right) with an F-56 camera. 


On the front surface is a dial with a milled head 
bearing a series of numbers from 6 to 75 and the word 
STOP in white letters on the outer edge of its face. A 
white line is marked on the case above the center of 
the disk. When the disk is pulled out a fraction of an 
inch, it can be revolved to set any of the numbers 
opposite the white line on the case. When the disk is 
properly placed, it will snap back into the case and 
will be held firmly in that position until it 1s again 
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pulled out and revolved. The number opposite the 
white line is the number of seconds that will pass be- 
tween each tripping of the camera shutter. For ex- 
ample, if the number ‘54’ is opposite the white line, 
the interval between exposures will be 54 seconds. 
The number of exposures made is indicated on the 
dial of the automatic counter located in the lower left 
corner of the front of the case. 

Just to the right of the counter is a small metal 
button which is used to operate the intervalometer by 
hand whenever an additional exposure is needed. For 
instance, when the plane hits an air pocket or is off 
its course for a moment or two just as an exposure is 
made, you may want to make another exposure be- 
fore the next one would ordinarily be made. 

Use of the intervalometer frees you from the re- 
sponsibility for timing the interval between each ex- 
posure and allows you to concentrate on the camera 
position. A. warning light goes on three seconds be- 
fore the camera shutter is tripped. In this period you 
must level the camera and keep it set at the correct 
angle. : 

With this type of intervalometer, the procedure to 
be followed in shutting it off is to swing the dial 
setting to 75 seconds after the last exposure has been 
made, let the shutter trip once, and then turn the 
dial to stop. 

The vertical viewfinder and the intervalometer are 
wonderful devices in themselves, but scientific advance 
has not stopped there. Now they are combined in a 
single device—the automatic interval timer—which 
does the whole job for you. One of these may be avail- 
able for you, or you may have the separate viewfinder 
and intervalometer. You ought to be able to handle 
either procedure. 

In the combination equipment, the interval timing 
device is built into the regular vertical viewfinder, and 
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a number of changes are required in its operation. 
This instrument is not fitted with light shields as is 
the regular viewfinder. Since it is intended for use 
primarily in closed planes, the shields are not neces- 
sary. 

The ground glass is fitted with a level at one side 
and has drift lines spaced 44 inch apart running 
parallel to the short side of the glass. A cross wire 
running from side to side, with the left end in a slot 
and the right end in a slot with notches marked with 
the focal lengths of different lenses from 7 inches to 
24 inches, is placed above the glass. This wire is set 
so that the right end is in the notch for the focal 
length of the lens being used on the camera, and so 
that it is parallel to the long dimension of the ground 
glass. ° = 
_ On the top surface of the timer case, between the > 
ground glass and the photographer, is a dial marked 
with the focal lengths of lenses from 7 inches to 24 
inches, corresponding to the figures on the slot on the 
right side of the ground glass. The dial is set by lift- 
ing and turning it to the same figure as the wire on 
the top of the ground glass. This determines the posi- 
tion of a second wire which is under the ground glass. 

The timer is put into operation by a tumbler switch 
on the right side of the timer case..Connections for 
cables to the warning light and the camera are sup- 
plied. A rheostat knob placed quite low on the right 
side controls the rate at which the wire under the 
ground glass moves across the field until it reaches a 
point directly under the wire that is in a fixed position 
above the glass. Pick up some ground object under 
the lower wire and keep the wire on the object as it 
moves across the ground glass. When the two wires 
coincide, the shutter will be tripped and the exposure 
made. Three seconds before the exposure is made, 
the warning light goes on to give you a chance to 
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make the final adjustment to the camera. A button on 
the left side of timer case allows you to trip the shut- 
ter by hand whenever it may prove necessary. 

The operation of the automatic timer is quite 
simple. Keep a ground point under the lower wire as 
both move across the ground glass, adjusting the rate 
of travel of the wire with the rheostat. The shutter 
is tripped when contact points attached to the upper 
and lower wires connect. The lower wire then drops 
back to the starting position and repeats the cycle. 
Once the rate of travel of the lower wire has been set, 
the rheostat can be left alone as long as the speed and 
altitude of the plane remain the same. 


TOO HEAVY TO HOLD 


Some aerial cameras are too heavy to hold by hand. 
At least you couldn’t handle them effectively without 
resting them on the plane. That, you know, would 
likely result in intolerable vibration. Here’s where 
special mounts come into play. 

Much oblique photography, it is true, is done with- 
out a mount. You hold the camera and cushion it 
against your body for steadiness. But you can’t do 
that with the heaviest cameras. Moreover, if there is 
much work to be done—a considerable number of pic- 
tures to be taken during one flight—it is important 
to have a suitable mount that will both diminish 
fatigue and aid in getting satisfactory photographs. 

Various methods of mounting cameras in airplanes 
are employed. For vertical photography the most 
widely used type of mounting consists of gimbal rings 
and bearings. They provide both a means of orient- 
ing (properly setting) the camera by revolution 
about a vertical axis and a means of leveling it. 

The mount is constructed so that the lower ring can 
be clamped to bars at four points of support, which 
are well cushioned in sponge rubber or like material 
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to dampen vibration. The upper ring rests directly on 
the lower ring in a manner which permits easy rota- 
tion of the upper ring with respect to the lower ring. 
From the upper ring, two arms, ending in cylindrical- 
shaped seats with clamps, extend upward. A frame 
with short tubular projections which can be clamped 
at sufficient pressure to hold it at any desired position 
for leveling rests in these seats. At an angle of 90° 
to the line between the tubular projections, seats simi- 
lar to those of the upper ring are attached to the 
frame. These also have clamps, and they serve to re- 
ceive the camera, which is securely held but is adjust- 
able for leveling. When mounted, the camera can 
therefore be ROTATED AND TILTED IN TWO DIRECTIONS. 

The clamps are screwed to a point which permits — 
ready adjustment of the camera in accordance with 
the indications of the level bubbles, yet holds it wher- 
ever it may be set. Radial gradations on one of the 
rings and an index mark on the other provide for 
setting the camera so that it is square with the course 
being flown. This mount is ordinarily used with a 
framework that rests on the floor of the cockpit and 
provides the required supporting bars. 

In some mounts provision is made for raising and 
lowering the camera. This is a desirable feature and 
is particularly advantageous for installation of a cam- 
era in the hull of a PB type flying boat because it 
facilitates the removal of the cover of the opening 
after leaving the water and replacement of the cover 
before landing. 

For oblique photography a cushioned swivel mount 
made up of a fork or ring to receive the camera and 
attached to the side of an open cockpit is often used. 
The machine gun turret, which permits traversing a 
wide arc, is well adapted to oblique photography. 

N-R-1 CAMERA MOUNT—This is a manually ad- 
justable, cushioned mount with synchronized view- 
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finder for standard Navy cameras such as the F-56, 
K-17, K-18, and K-19. 

' The mount (see figure 19) consists of a base ring 
with four feet equipped with studs and support 
washers which engage standard Navy camera mount 





Figure 19—The N-R-1 mount. 


support plates. The plates, fastened to the deck of 
the airplane, are equipped with slotted holes. The 
mount should be lowered so that the studs on the 
underside of the feet enter the holes. It is then pushed 
toward the narrow ends of the slots and the locking 
latches rise into place, securing the mount over. the 
deck opening. 

Resting on the base ring is ring number two, which 
rotates in a horizontal plane, allowing the camera to 
be set for the correct angle of crab. This ring is 
geared to the viewfinder, which is fixed to the camera 
mount. The viewfinder turns simultaneously through 


the same crab angle as the main ring carrying the 
camera. In making a correction for crab, you should 
grasp the camera itself, preferably by the main 
camera body rather than by the magazine. The 

camera is turned through the angle required to line 
up objects in the viewfinder glass so that the image 
motion is parallel to the fore and aft lines on the view- 
finder glass. THIS Is THE ONLY ADJUSTMENT RE- 
QUIRED, since the viewfinder is always lined up with 
the camera. This feature is most helpful. It saves time 
over the usual method of rotating the finder for flow 
of the image parallel to the guide lines, reading the 
angle, and then rotating the camera separately so 
that its index is at the corresponding number of 
degrees from the axis of the plane. 

The image ground glasses furnished with each 
finder are graduated to provide a 60 percent overlap 
longitudinally for camera lenses of various focal 
lengths. On glasses for use with lenses of shorter 
focal lengths, the two cross lines bounding the middle 
40 percent of the scene are spaced far apart. On 
glasses for use with lenses of longer focal length, they 
are more. closely spaced. 

A. third ring rests on ring number two at two 
points 180° apart in such a way that ring number 
three can rotate about its support axis. On ring num- 
ber three are two trunnion clamps. A line connecting 
these two clamps would be the diameter of the circle, 
and this line would-be at right angles to the two sup- 
porting points on which ring number three rests. The 
camera is lowered into position so that its trunnions 
rest in place in the trunnion clamps. The is 
swing over and are locked in place. 

The camera is adjusted by a cam system until the 
level bubble 1s centered. There is a cam system for 
fore and aft leveling and another cam for lateral cor- 
rection. Handles on the cams make it a simple opera- 
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tion to level the camera once the ship has established 
itself in the air at the correct altitude and at cruising 
speed. It is suggested that the camera be adjusted 
in one direction at a time. The cam controls are de- 
signed to furnish a semi-permanent sdjustment and 
.should not be operated continuously. A single setting 
with slight adjustment should suffice for any con- 
tinuous flight. 

Just below the trunnion clamps are thick rubber 
cushions, which absorb vibration. They also have suf- 
ficient “give” to them so that minor corrections for 
tilt can be made by merely rocking the camera man- 
ually in any direction necessary. The hands are 
placed LIGHTLY on the corners of the camera body. 
(The camera should not be grasped tightly because 
vibration may be transmitted to the body of the 
camera.) The normal range through which the cam- 
era may be rocked on its rubber cushions should be 
one or two degrees. The full range is four degrees in 
any direction. It will be found that the smoothly 
graduated resistance of the cushion assemblies, free 
of all mechanical friction, will enable you to center 
the bubble in one smooth operation. 

When the ground being photographed is flat and 
the camera is level so that the surface of the film is 
parallel to the surface of the earth, the resultant pic- 
ture is a photographic map of uniform scale through- 
out. However, if the airplane is climbing, diving, or 
banking at the moment of taking.the photograph, the 
result will be distorted scale in the photograph. 

When the plane is not in a true horizontal position, 
the camera can be tilted in respect to the airplane so 
that it is pointing straight down. This is possible be- 
cause the gimbal construction of the supporting and 
from port to starboard. All cameras for vertical aerial 
photographs have spirit levels. Adjusting the camera 
so that the air bubble is centered in the level will pro- 
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duce a photograph which is approximately a true ver- 
tical picture. 

N-R-2 mount—This mount differs from the 
N-R-1 mount in that it is designed as a fixed mount 
for vertical aerial cameras that are operated auto- 
matically. The use of automatically operated cameras 
in fast single-seater planes became more and more 
common with the start of World War II. The de- 
velpoment of fast firing anti-aircraft artillery and 
automatic fire controls made the use of the slower 
photographic planes extremely hazardous. By using 
a high speed single-seater fighter plane, with the cam- 
era or cameras mounted for automatic operation, it 
is possible to make the necessary reconnaissance pho- 
tographs of a heavily defended area with a minimum 
of risk. 

The high speed plane can be flown in and out of 
the area in so short a time that the chances of success- 
ful interception are reduced to the point where the 
possibility of failure is almost a simple matter of bad 
luck. Where the slower plane with pilot, photog- 
rapher, and gunner would have little chance of com- 
pleting the mission successfully, the fast single-seater 
has almost as little chance of failure. 

The N-R-2 mount holds the camera securely in 
place in the plane so that the axis of the lens is exactly 
perpendicular to the earth when the plane is in level 
flight. This means that the pilot must make the cor- 
rections for tip and tilt entirely by his maneuvering 
of the plane. Correction of the camera for drift or 
crab is. not possible. The problem in the use of the 
N-R-2 mount is entirely one of proper installation to 
place the camera correctly in relation to the horizon- 
tal axis of the plane in normal flight. No corrections 
can be made once the plane has taken off, and there 
are no adjustments to be made while the pictures are 
being taken. The camera is operated automatically 
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from the pilot’s position and all adjustments for 
camera position are made by maneuvering the plane. 

FAIRCHILD AERIAL CAMERA MOUNT—This mount is 
found quite frequently in the Navy, though it is now 
being replaced generally by the N-R-1 mount. It is 
of the gimbal type and very closely resembles the 
N-R-1 in all respects except the built-in viewfinder 
‘and the screw adjustments. This mount is designed 
for use with the automatic interval timer or the ver- 
tical viewfinder. The camera is kept in the proper 
position by pressure applied directly to the camera 
to rotate it or tilt it on the fore-and-aft or crosswise 
axis. It is satisfactory, but neither as convenient nor 
as efficient as the newer type mounts. 
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CHAPTER 3 
AERIAL FILM 
YOUR "AMMUNITION" 


Knowing your “ammunition” is as important as 
knowing your “gun.” 

As “shooting” from the skies requires special cam- 
eras, so does it demand film adapted for that purpose. 
Your camera “ammunition” necessitates certain de- 
partures in EXPOSURE and PROCESSING from the pro- 
cedure used for ground film. 

This leads, also, to particular variations in the 
selection of FILTERS and in proper FOCUSING. 

You need to remember all you have learned hither- 
to about films and their use, plus a little more spe- 
cialized information which you are to receive now. 
This additional data should come relatively easy for 
you because it is based on the same ground work 
which has been laid earlier. You'll have to “keep your 
feet on the ground” while you’re up in the air. 

Film for aerial cameras of the Navy 1s of three 
general kinds— 

AERO PANCHROMATIC 
INFRARED 
AERO COLOR 


123 


The first two are black-and-white film. “Aero Pan” 
is the one most widely used in aerial photography. 
Infrared is used to penetrate atmosphere to a greater 
degree than is possible with Aero Panchromatic and 
filters. Aero Color is, obviously, for use when color 
reproduction is necessary or desirable. 

Aero Panchromatic and infrared are supplied on 
two types of base—AERO-MAP and AEROGRAPHIC. 

The Aero-Map is used for very exacting vertical 
mapping where the physical change in the size of the 
film must be kept at a minimum. All films expand in 
water during processing and contract again on dry- 
ing. There is often a small change due to this expan- 
sion and shrinkage that remains as a permanent dis- 
tortion. Aero-Map base film is designed to remain as 
close to its original size as possible, in spite of proc- 
essing and subsequent humidity changes in the 
atmosphere. Aerographic base film is reasonably 1m- 
mune to distortion of this type but is not so free of it 
as typographic base film. 

Aero Panchromatic roll film is available in two 
speeds with A.S.A. speed group ratings of 100 and 
200. Higher speed emulsions for use in mgt photog- 
raphy are under development. 


DECIDING UPON THE FILTER 


Filters have many different purposes in photog- 
raphy. In aerial photography, however, their PRIME 
USE I§ TO CUT THROUGH HAZE. Haze is an even more 
important factor to be reckoned with in aerial pho- 
tography than it is in the ground variety. Aerial views 
from high altitudes are usually veiled by moisture and 
dust particles. When the scene is photographed with- 
out a filter, this veil hides some of the details of 
ground objects. 

Haze has the effect of reflecting and scattering 
light of the shorter wave lengths—ultra-violet and 
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blue light. Since all films are sensitive to light of the 
shorter wave lengths, this extremely actinic light 
(full of radiant energy) will be recorded to produce 
a veil over the scene if no filter is used. The veiling 
of the image becomes more and more pronounced as 
the altitude of the plane is increased. That is because 
the mass of water vapor and dust particles between 
the plane and the earth is deeper. 

Filters employed for reducing haze in aerial work 
range in color from light yellow to red. By using 
such filters, you record the photographic image by the 
light of the longer wave lengths (green and red), 
which are not so appreciably scattered by moisture 
in the air. : 

The form of filter most frequently employed is a 
gelatin disk cemented between two optically flat glass 
disks. The majority of the filters used by the Navy 
are Wratten filters. Excellent filters of colored glass 
_are also employed, but although they are considered 
more permanent than the gelatin type, they are more 
expensive than the Wratten filters and their trans- 
mission characteristics are frequently less suitable. 

The following table condenses the information on 
the filters used in the Navy for aerial photograpny 
with panchromatic film. 


WRATTEN DYED-GELATIN HAZE FILTERS Filter Factor 


ith Aero 
Designation Use Color Panchromatic 
Aero #1 Passes some blue light. Light Yellow 1.5 
Used in clear weather. 
Aero #2 Passes a little less blue Yellow 2.0 
light than Aero 1. 
Minus-Blue #12 Excludes the blue band Yellow 2.0 
totally. Useful for cut- 
ting through haze under 
qurone lighting condi- 
tions. 
Light Red #25 Excludes green, blue and Red 4.0 


violet bands. Used when 
photographing at high 
altitudes. 
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When taking obliques in hazy weather, the more 
toward the vertical you shoot, the less will be the 
amount of haze between you and your subject. Hence 
the clearer the picture will be. You can see how this 
is if you will imagine a straight line from your camera 
to the point on the ground which you are photograph- 
ing. ‘The more nearly horizontal the line, the longer it 
is. The shortest line would be the one extending right 
straight down from the camera to the ground. That 
line would go through the least amount of haze. 

When obliques are being taken from a low altitude 
of 2,000 feet or below, if the day is at all clear, a 
filter is not necessary. Without a filter your shutter 
speed can be faster. This is. an advantage for low 
altitude work because your relative motion with re- 
spect to the earth is naturally much more rapid. A 
faster shutter speed will help prevent blurring. 

Filters recommended under various atmospheric 
conditions and at different altitudes are listed in this 
table— 


ATMOSPHERIC CONDITION 





Relatively 
Altitude No Haze Light Haze Heavy Haze 
R Below 2,000 No filter Aero 1 Aero 2 or ; 
2, Feet Minus-blue 
a 2,000-5,000 No filter Aero 2 Aero 2 or 
30 Feet Minus-blue 
oo 5,000-10,000 Aero 1 Aero 2 or Red #25 
>e Feet Minus-blue 
& 10,000 Feet Red #25 Red #25 Red #25 
oe and up | 
° 
mas 
vos 
3 — 
= g 3 All Altitudes Aero 1 Minus-blue Red #25 
Ose 
° es 
Ss 
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CALCULATING THE EXPOSURE 


The old adage about experience being the best 
teacher is particularly true in judging the correct 
exposure in aerial photography. Still, a few funda- 
mental facts can be set down in writing which will be 
of help to you. Moreover, you won’t have to wait 
until you accumulate experience before you know how 
to open your shutter the right amount to get good 
pictures. Meters and tables are at your service. A 
_ simple and convenient table from which to figure the 
exposure for aerial shots is in the American Stand- 
ards Association (ASA) “Photographic Exposure 
Computer.” 

In military photography it is customary to estimate 
or determine a so-called BAsIC EXPOSURE for a given 
film. The basic exposure may be modified according 
to changes in the light intensity, the character of the 
subject, and the filter factor of the filter employed. 

Compensation must be made also for the angle be- 
tween the light source and the camera lens. When the 
light comes from behind the camera, the exposure 
should be normal. When the light comes from the 
side, it should be increased by 50 percent. When back 
lighting 1s used, the basic exposure should be increased 
by 100 percent (doubled). 

It 1s always recommended that a FASTER SHUTTER 
SPEED BE USED WHENEVER POSSIBLE. To stop plane 
motion, obliques from a low altitude require the maxi- 
mum shutter speed, with the lens aperture opened the 
necessary amount to compensate for the high shutter 
speed. The higher you are above the subject, the 
lower shutter speed you need to stop plane motion. 
However, to minimize the effects of plane vibration, 
you should use a reasonably fast shutter speed. 

In vertical work, you are nearly always photo- 
graphing objects that lie beyond the hyperfocal dis- 
tance for the maximum aperture of the lens used. 

127 


Therefore you are sure of obtaining sharpness 
throughout the picture. This means that it is not nec- 
essary to close down the lens to obtain depth of field. 
Consequently, the principal use of the lens diaphragm 
is to control any excess of light beyond that needed 
to give you a correct exposure at shutter speeds of 
1/150 second or faster. Slower shutter speeds should 
be used only when the light conditions are such that 
the maximum lens aperture will not assure proper 
exposure of the films at the faster shutter speeds. 

Unless photographs are urgently needed, they 
should be taken only when light conditions are good 
because clear reproduction of detail requires sunlight. 
THE HIGHER YOU ARE, THE MORE HARMFUL IS THE 
EFFECT OF HAZE, AND, ACCORDINGLY, THE DENSER 
SHOULD BE YOUR FILTER. . 

On a good day with the sun shining brightly, if you 
are using aerial film of the 100 speed group and an 
Aero No. 2 filter, the suggested exposure is 1/150 
second at {/8. This combination gives you a well ex- 
posed negative if the subject is of average tone and 
scale. If you are photographing a beach scene in 
which the reflection from the light sand is very strong, 
the lens should be stopped down about one full stop, 
to f{/11. On the other hand, if you are photographing 
mountain areas where there are deep shadows, or 
woods and forests in which dark greens predominate, 
it is much safer to open the lens a full stop, to about 
f/5.6, in order to assure full exposure of the shadows. 
Darker days naturally require fuller exposures— 
either a larger aperture or slower shutter speed, or 
both. 

It is strongly suggested that while you are making 
photographs from the air, you RECORD THE DATA on 
exposure and on the nature of the subject matter, the 
intensity of the light, and the weather conditions. 
Then when you study your negatives you will have 
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the necessary information to determine what changes 
could have improved them. Soon you will have a defi- 
nite feeling of just what exposures are best under 
given light conditions. 


FINDING THE FOCUS 


In at least one respect, aerial photography is 
simpler than ground photography. You get a break 
when it comes to focusing. Only occasionally will it 
be a problem. Why? Nearly all aerial cameras have 
their lenses permanently set in the infinity position. 
Everything 1s AUTOMATICALLY SHARP and in focus 
from the normal heights at which aerial shots are 
made. 

(The only Navy camera which does not have its 
lens permanently set is the old F-8, which can be 
focused from infinity to 8 feet. However, when the 
F-8 is used in the air, the lens is usually locked in 
the infinity position. ) 

Still, you cannot just forget about the matter of 
focus. The fact that most aerial cameras are of fixed- 
focus construction brings up the question of how to 
determine when the image will be in focus and when 
it will not. Since most aerial photography, particu- 
larly in war time, is done from rather high altitudes, 
this question will not arise frequently. But it becomes 
important when you are taking pictures from low alti- 
tudes or photographing nearby planes in the air. 

Right here you should brush up a bit on the discus- 
sion in Volume I, Chapter 2, of hyperfocal distance, 
depth of field, and circle of confusion. Remember— 

Hyperfocal distance is the minimum distance at 

which a subject is brought into usable focus by a 

lens set at infinity. For example, a 10-inch lens at 

f/8 will produce a usable picture of any subject 

more than 260 feet away, so the hyperfocal distance 

in that case is 260 feet. 
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Depth of field is the distance from the nearest 
to the farthest points of usable focus with any given 
lens setting. 

Circle of confusion is the diameter of a circle 
which is the image of an object point. The accept- 
able size of this circle is limited to that which will 
result in a usable image of the object. For a clear 
picture, the “cirele” is only a tiny dot not more than 
1/100 of an inch in diameter. 

Now, these terms can be applied to the subject of 
focus for aerial’ photographs. When flying at low alti- 
tudes or “shooting” nearby planes in flight, hyper- 
focal distance gives you the information you need. If 
you know the hyperfocal distances for the lens you 
are using, you can be sure of the focus at any and all 
times. 

The following table tells you the hyperfocal dis- 
tance for the lenses used with the various aerial 
cameras of the Navy. The table is based on a circle of 
confusion of 1/250 inch. | 

From the table you can determine the minimum 
distance from camera to subject which will give you 
satisfactory clear images. For example, you will 
note that the 68-inch lens (used on the K-20 
camera) will bring everything from 188 feet to in- 
finity in usable focus at f/4.5. The 40-inch lens 


HYPERFOCAL DISTANCES FOR AERIAL CAMERAS 


Focal Lens Aperture 7 
Length a 
of Lens 2.5 3.5 4 45 5 5.6 6 6.3 6.8 8 11 16 22 
Inches 

5% 91’ 72° 52° 36’ 26! 

6 119” 110’ 93’ 68’ 47' 34’ 

6% 188’ 151’ 106’ iit 53° 38’ 

7 227! 182’ 127’ 93° 64’ 47’ 

814 355’ 253’ 177’ = 129" 89° 64° 
10 463° 372! 260’ 189’ 130’ 95° 
12 1200’ 667’ 600’ 535’ 375’ 273’ = 188’ =: 11378 
13%4 1085’ 

20 1488’ 1040’ 756’. 520’ 378’ 
24 2000’ 1500’ 1092’ 750° 546° 
40 > 4168’ 3030’ 2083’ 1515/7 


(which can be used on the F-56) will require a mini- 
mum of 4,168 feet between camera and subject when 
the lens is used at its maximum aperture of f/8. 

By closing down the aperture of the lens, it is pos- 
sible to obtain a greater depth of field. This, however, 
should be done only in cases where the amount of 
light is sufficient to enable you to retain a fast shutter 
speed. Suppose you must fly at 2,500 feet. Then you 
should not attempt to use a 40-inch lens, which calls 
for a minimum distance of 4,168 feet, unless the use 
of the very long focus lens is necessary. A 24-inch 
lens requires only 2,000 feet. The results would un- 
doubtedly be much better because plane movement 
would not affect the sharpness of the image as much 
as it would with the longer focus lens. 

If a circle of confusion of more than 1/250 inch is 
acceptable in the negative, photographs can be taken 
at shorter distances. Satisfactory pictures have been 
made at 30 feet using a K-20 camera at f/11. 


PROCESSING AERIAL FILM 


A long roll of aerial film presents a serious mechan- 
ical problem when it comes to developing, particu- 
larly when work space is limited as it is on shipboard 
or in small shore laboratories. It was a serious 
problem, that is, before the Smith Developing Outfit 
came along. This equipment brought a satisfactory 
solution. 

The outfit consists of three tanks (which can be 
nested within each other when not in use), a film reel 
unit, and a motor drive. The tanks hold the developer, 
rinse water and fixing bath. The rinse tank usually 
doubles as the washing tank. 

There are three sizes of Smith developing outfits— 
one to take roll film 514 inches wide in lengths up to 
25 feet, a second to take 7-inch film in lengths up to 
75 feet, and a third to take 91-inch film in rolls as 
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Figure 20—Smith aerial film aeciocing ‘outfit, 
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long as 200 feet. Naturally, the larger size will ac- 
commodate any film that a smaller size can hold. The 
largest tanks hold 41 gallons of solution each, and it 
is this size that is most frequently used. 

How to use the outfit cannot be explained com- 
pletely in type or even by illustration (figure 21). 
But you are given a word-picture here so you will 
know something of what it’s all about when you first 
come in contact with one. The explanation which fol- 
lows is intended chiefly for use when you are first 
actually handling a Smith developing outfit. 

The film reel unit consists of a metal frame which 
holds two spools. On the bottom of each spool is a 
wide flange on which the film rests, and each spool is 
connected to a vertical shaft. The shafts project 
through the top of the reel cores and the top of the 
metal frame, and their ends have recessed fittings to 
receive the twin motor shafts. The detachable motor 
unit is balanced at a center point over the film reel 
frame. It is so set up that when one motor shaft 1s 
engaged with a reel shaft, the other motor shaft is 
clear of the corresponding reel shaft. This arrange- 
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ment enables the motor to wind the film from one 
spool to the other until all the film is on the driven 
spool. 

Since the film is fastened firmly to the core of each 
spool, a tension is created when the end of the film is 
reached and no more can be wound off that spool. 
This tension mechanically disengages the motor from 
‘the shaft of the full spool and the motor topples on 
its balance point to the reverse position. The shaft of 
the empty spool then receives the winding action of 
the motor. The empty spool gradually winds the roll 
of film around itself until it is full and the reversing 
action again takes place. 

Thus, the entire length of film is: wound and re- 
wound through the processing solutions. All parts of 
the film receive the same exposure to the solutions. 
The solution absorbed in the film emulsion works on 
the layers of film even when they are wound around 
the spool cores. In the use of this reel unit, care must 
be taken to make sure that there is no mechanical 
sticking of parts which might cause the motor to re- 
verse before the whole film has passed through the 
processing solution, (See Volume I, Chapter 6 for 
general information on the chemistry of develop- 
ment. ) 

The sequence of processing aerial roll film in the 
Smith outfit is as follows— 

Place the developing reel unit, the motor drive 
unit, and the exposed but undeveloped film in its 
container where they can be located easily in the © 
dark. Lay out a pair of scissors. Set up the tanks, 
fill them with the proper solutions, and bring them 
to the correct temperature of around 68° F.. Then 
set the interval timer for the correct developing 
time. When all is ready, TURN OUT ALL LIGHTS. 
Development should be started in total darkness. 

_ After about one third the scheduled developing 


133 


time has passed, turn on the safelight for a few 
seconds inspection of the image on the film and 
then turn off the safelight. Repeat this inspection 
three or four times during the developing time. 
The safelight may be left on while the film is being 
rinsed and fixed. 

In total darkness remove the exposed film from 
its container. Carefully secure the end of the film 
roll in the slot of one reel, and wind the entire roll 
onto the reel by hand with the emulsion side out. 
Secure the tail end in the slot in the second spool. 
Winding the film on the reel with the emulsion out 
assures a loose reel and prevents unevenness of de- 
velopment and sticking of the film. It also avoids 
scratching the emulsion against the center bar of 
the film reel unit. 

Place the film reel unit in the rinse tank filled 
with plain water and rapidly wind the film by hand 





Figure 21—Smith developing outfit in use. 
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to the empty reel and back. This can be done by 
turning the knobs on the top of the shafts. 

Lift the unit out of the tank carefully and let 
the excess water drain off. . 

Start the interval timer. Immediately immerse 
the unit in the developing tank and rapidly wind 
the film by hand to the empty reel and back. This 
is done to be sure development is started evenly 
over the whole length of the film. 

Now place the motor unit on top of the reel unit, 
start the motor, and allow the film to wind from one 
spool to the other. Automatically, each time the 
film reaches the end, the spools are stopped, the 
motor is forced up by a pressure spring, and the 
entire motor unit trips over to the empty reel side, 
as described previously. 

At intervals during development, beginning 
after one third the developing time has passed, in- 
spect the image on the film by turning on the safe- 
light and lifting the film out of the developer for 
a few seconds. This inspection will enable you to 
shorten or lengthen the developing time to over- 
come error in exposure of the film. If the film is 
correctly exposed, the inspection will increase your 
skill in recognizing a correctly exposed and nor- 
mally developed film at all stages of the process. 

When development is concluded, uncouple the 
motor unit. Then lift the film unit out, drain it, 
place it in the rinse water tank, and rapidly wind 
the film by hand and to the empty reel and back. 

_Place the unit in the fixing tank and engage the 
motor so that the roll of film will pass back and 
forth between spools during the period of fixation. 

After the film is fixed, drain the film unit, with 
the motor wind attached. Place it in the rinse or 
wash tank, into which fresh water is constantly run- 
ning. Allow the film to remain there, with the 
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motor drive winding the film back and forth until 
washing is completed. 
Nore—Take care not to touch the motor and 
the tanks at the same time. You might receive 
a shock if the current should ground out 
through you. 


DEVELOPMENT FORMULAS AND TIMES 


Five factors govern the development of film— 
aerial or otherwise. They are the type of film, degree 
of development (soft, medium, full or forced), kind 
of developer solution, temperature of the solution, 
and time of development. 

The proper combination of all those elements is 
worked out on the Navy’s dial calculator, a copy of 
which is printed in Volume I, Chapter 7, of the Pho- 
tography Manual. That handy device also is avail- 
able in all Naval Photographic Units and Schools. 

Printed on the calculator are certain reeommenda- 
tions applying specifically to aerial film. The point 
which needs to be amplified here is the choice of de- 
veloper solutions. 

Formulas usually used on aerial film in the Navy 
are Kodak D-19, DK-50, DK-60a and DK-76. 

Kodak D-19 gives high contrast. That is generally 
preferred with aerial negatives because the subject 
contrast is ordinarly low. Kodak D-19 causes no 
stain and very little fog, and has excellent keeping 
qualities. 

Kodak D-19 is the onLy formula used for FORCED 
DEVELOPMENT. This is necessary for negatives known 
to be considerably underexposed, or taken through 
bad haze at extremely high altitudes. 

Kodak D-19 also is recommended for FULL DE- 
VELOPMENT. This is required for aerial film exposed 
through a slight haze at relatively high altitudes. 
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Kodak DK-50 and DK-60a give medium contrast 
and good rendering of detail in both highlights and 
shadows. They are used for MEDIUM DEVELOPMENT, 
which is used for negatives exposed in clear weather 
at altitudes below 10,000 feet. Medium development 
also is recommended in processing negatives particu- 
larly intended for photo interpretation. 

Kodak DK-76 proves best for sorr DEVELOPMENT 
of aerial film. Such development is sought when the 
pictures are taken at very low altitudes and there is 
high contrast in the subject. 

Kodak DK-76 gives lower contrast and tends to 
produce the fullest rendering of shadow detail. It is 
non-staining and has a long life. It creates lower 
graininess, which is important if a considerable degree 
of enlargement is necessary. 

As an aid in obtaining the best development, differ- 
ent types of film are given development indexes. The 
indexes for aerial films are— 


Developed in Developed in 
Tray Tank 
Tri-X Aero Pan 15 18 
Super-XX Aero Pan 12 15 
Special Aero Pan 12 15 
Infrared Aero Type II 7 - 10 


Development index figures appear on the dial cal- 
culator. 

On the next few pages are six tables relating to the 
development and fixing of aerial film. If you are 
worrying about how long it will take you to learn all | 
of that data, rELAx. The tables are not intended to 
be memorized but to be referred to when you are 
ready to do the processing work. Merely look them 
over now to grasp the general principles. 
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HIGH CONTRAST DEVELOPER FOR AERIAL FILMS 


KODAK D-19 

Water, about 125° F. (50° C.) 214 gallons 
Elon 1 oz. 145 grains 
Sodium Sulfite, desiccated 3 Ib. 934 oz. 
Hydroquinone 5Y, oz. 

*Sodium carbonate, desiccated 1 Ib. 18 oz. 
Potassium Bromide 3 02. 
Cold water to make 44 gallons 


* 2 lbs. 2 oz. of monohydrated sodium carbonate may be used in 
place of the desiccated sodium carbonate. 


TIMES OF DEVELOPMENT WITH KODAK D-19 


Development times, in minutes and seconds, for 
aerial film, speed 100, width 91% in., using Kodak > 
D-19 formula in the Smith developing outfit is given 
in the following table. 


Temperature 50-Exposure -100-Exposure 200-Exposure 


(Fahrenheit) Rolls Rolls Rolls 
60° 8’ 0” 9’ 45” 14’ 30” 
6L 7 0" 8’ 30” 12’ 80” 
68° 6° 15” 7’ 30” 11’ 15” 
70° 6 60" 7 0” 10° 45” 
75° 5’ 15” 6’ 15” 9’ 80” 


The reason for the differences in developing time 
for short, medium and long rolls (50, 100, and 200 
exposures) lies in the length of time it takes to trans- 
fer the complete length of film from one reel to the 
other. The developer in the emulsion is replaced less 
_ often in a given time as the length of the roll of film 
is increased. 


_ Shorter development times than those given here 
are not recommended because they may lead to some 
unevenness in the developed image. 
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MEDIUM CONTRAST DEVELOPERS FOR AERIAL FILM 


KODAK DK-50 
Water, about 125° F. (50° C.) 2 gallons 
Elon 114 oz. 
Sodium Sulfite, desiccated - 18 oz. 
Hydroquinone 1144 02. 
Kodalk 6 oz. 
Potassium Bromide 130 grains 
Cold water to make 414 gallons 


TIMES OF DEVELOPMENT WITH KODAK DK-50 


The development times, in minutes and seconds, 
for aerial film, speed 100, width 91, in., using Kodak 
DK-50 formula in the Smith developing outfit. 


Temperature . 50-Exposure 100-Exposure 200-Exposure 


(Fahrenheit) Rolls Rolls Rolls 
60° 7’ 30” 9’ 0”. 10’ 80” 
65° 6 15” 7’ 30” 8° 45” 
68° 5’ 465” | va 0” 8’ 0” 
70° 5’ 15” 6’ 15” 7 15" 
75° 4 15” 5’ 0” 6’ 0” 


KODAK DK-60a 


Water, about 125° F. (50° C.) 8 gallons 
Elon 114 oz. 
Sodium Sulfite, desiccated 80 oz. 
Hydroquinone 114 02. 
Kodalk 12 oz. 
Potassium Bromide 180 grains - 


Development times with Kodak DK-60a are usually the same 
as those given for Kodak DK-50. 


FINE GRAIN — SOFT CONTRAST DEVELOPER 
FOR AERIAL FILM KODAK DK-76 


Water, about 125° F. (50° C.) 31, gallons 
Elon 1 oz. 85 grains 
Sodium Sulfite, desiccated 334 lbs. 
Hydroquinone 3 oz. 

Kodalk 1 oz. 85 grains 
Cold water to make 414 gallons 
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TIMES OF DEVELOPMENT WITH KODAK DK-76 


Development times, in minutes and seconds, for 
aerial film, speed 100, width 914 in., using Kodak 
DK-76 formula in the Smith developing outfit. 


‘Temperature 60-Exposure 100-Exposure 200-Exposure 


(Fahrenheit) Rolls Rolls Rolls 
60° 11’ 0” 18’ 15” 15’ 80” 
65° 9 0” 10’ 45” 12’ 30” 
68° 7 45" | 9’ 15” 10’ 45” 
70° YA 0” 8’ 80” 9’ 45” 
75° 5’ 45” 7 Q” 8’ 0” 


If the amount of Kodalk used is increased to ten 
times the amount given in the formula (12 oz. instead 
of 1 oz. 85 grains), the contrast may be increased to 
“medium” by using the development times given in 
the following table. The graininess will be increased. 


TIMES OF DEVELOPMENT WITH KODAK DK-76 
(10 TIMES AMOUNT OF KODALK) 

An example of development times, in minutes and 
seconds, for aerial film, speed 100, width 91, in., using 
Kodak DK-76 formula in the Smith developing out- 
fit is given in the following table. 


Temperature 50-Exposure 100-Exposure 200-Exposure 


(Fahrenheit) Rolls Rolls Rolls 
60° 6 45” 8’ 0” 10° 0” 
65° 5’ 15" 6’ 15” 8° 0” 
68° 4’ 40” 5’ 80” 7 69” 
70° 4’ 15" 5° 0” 6’ 30” 
75° 3’ 30” 4’ 15” 5’ 15” 


The four tables on times of development represent 
typical examples rather than rigid rules. The minutes 
and seconds listed for 50-exposure rolls do not always 
jibe exactly with the times shown by the dial calcula- 
tor for any given film index and degree of develop- 
ment. 
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The calculator offers general recommendations for 
all circumstances. The tables were compiled to fit 
specific conditions. Both the calculator and the tables 
are guides which are subject to adjustment based on 
experience. Locality and climate, as well as varia- 
tions in the five previously stated factors which gov- 
ern development, preclude the establishment of any 
inflexible, all inclusive rules. 

Observe closely this principle in the tables—the 
longer the roll of film, the longer the development 


time. 
FIXING 


Kodak Fixing Bath F-5 is reeommended. The film 
should be fixed for a minimum of 15 to 30 minutes, 
depending on the length of the roll. 


Kodak Fixing Bath F-5 


Water (about 125° F.) (50° C.) 3 gallons 
Sodium Thiosulfate (Hypo) 9 pounds 
Sodium Sulfite, desiccated 9 ounces 
*Acetic Acid, 28% 27 ounces 
**Boric Acid, crystals 414 ounces 
Potassium Alum | 9 ounces 
Water to make 414 gallons 


* To make approximately 28% acetic acid from glacial acetic 

acid dilute 8 parts of glacial acetic acid with 8 parts of water. 

** Boric Acid should be used in crystal form as _ specified. 
Powdered boric acid is difficult to dissolve. | 


WASHING 


Wash the film thoroughly in running water which 
flows rapidly enough to replace the water in the tank 
completely once every 5 minutes. With the Smith 
developing outfit a 50-exposure roll should be washed 
at least one hour, a 100-exposure roll at least 114 
hours, and ‘a 200-exposure roll at least 114 hours. 

If running water is not available, temporary protec- 
tion can be given by three or four changes of water, 
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each of 5 minutes duration. Thorough washing should 
be given later if a temporary wash has been necessary. 

If the supply of fresh water is extremely limited, 
the film can be given a temporary washing in salt 
water. Wash the film 15 minutes in salt water, and 
then wash it for 5 minutes in a tank of fresh water. 
When an adequate supply of fresh water is again 
available, rewash the film for the full time. 


DRYING 


Aerial roll film must be dried carefully,-and usu- 
ally with all available speed. There are two general 
methods used in the Navy—the rotating drum 
method (also used for drying motion picture film) 
and the Smith Automatic Dryer. 

The first is a large “squirrel cage” composed of 
two wheels with wooden strips about 8 inches apart to 
connect their rims and form’a hollow cylinder. This 
drum is rotated on the axis of its wheels by an electric 
motor. . 

After the washed film has been carefully swabbed 
with a damp soft chamois or viscose sponge, it is 
wound onto the drum with the emulsion side out until 
its whole length is coiled around the form. The ends 
are fastened to the wooden cross pieces with thumb 
tacks or clips, leaving enough play so that the film 
will not be torn or abraded as it dries and shrinks. 
Care must be taken to wind the film on the drum in 
such a way that there will be a separation between 
adjacent loops to insure that they do not overlap and 
stick together. When the motor is turned on, the 
drum revolves in the air to speed the drying of the 
film. 

The Smith Automatic Dryer weighs about 135 
pounds and is packed in a case which becomes a stand 
for the machine when it is in use. The dryer is in the 
form of a drum around which are a series of chain 
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driven rollers to keep the film moving correctly, A 
leader or apron is not necessary to thread the film—a 
special metal bobbin is used. When this is attached to 
the end of the film and is dropped into the gate, it 
feeds the film around the drum and should be inserted 
with the emulsion facing the center of the drum. As 
the film enters the dryer, it passes between two rollers, 
which act as guides and also remove excess moisture. 
A fan inside the drum blows the air outward away 
from the center of the drum. The film is pressed out- 
ward by the air current until the base side of the film 
touches the revolving wooden rollers. As the film 
emerges dry from the trip around the inside of the 
drum, it is wound up on a take-up spool. 

The dryer operates at a uniform speed which 
assures the same degree of dryness from one end of 





Figure 22—Smith aerial film dryer. 
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the film to the other. In humid weather the speed of 
the rollers can be retarded so that sufficient drying 
takes place during the drum revolution. Under aver- 
age humidity conditions a 50-exposure roll can be 
dried in 8 to 10 minutes. Longer lengths will require 
a proportionately longer time. Under conditions of 
high humidity, however, the Smith dryer will not per- 
form satisfactorily unless additional heat is supplied. 


WHEN RAPID PROCESSING IS NECESSARY, It is pos- 
sible to dry the film within two to three minutes, un- 
der normal conditions of humidity, by cutting the film 
as the dry end comes off the rollers instead of allow- 
ing it to wind up completely on the take-up spool. In- 
dividual sections containing two or three images can 
then be printed immediately. While these films may 
net be thoroughly dry, they will be dry enough to 
print. 

Experience with this method of drying, coupled 
with the complete and thorough tests which have been 
made by various workers, indicates clearly that it is 
faster, more uniform, and cleaner than any other 
method commonly used. Furthermore, it requires a 
minimum of effort on the part of the operator, and 
has little, if any, tendency to cause distortion of the 


film. Since distortion can throw all calculations made - 


from the film completely out of scale, the fact that 
film dried in the Smith dryer is relatively free from 
distortion is alone sufficient to recommend this 
method. | 
Directions for operating the Smith dryer follow— 


Transfer the wet film from the washing reel 

to the spool attached to the spindle below the 

_ dryer gate. Wipe the film on both sides with a 
wet chamois cloth as it passes from the washing 
reel to the dryer spool. The end of the film that 
is attached to the spool on the dryer should be 
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fastened in such a way that it will come off of 
its own accord as it is drawn into the dryer. 

Once the entire roll is on the dryer spool, . 
attach the lead end of the film to the metal bob- 
bin (with the emulsion side toward the four 
metal clips) by entering one corner of the film 
-end under the end clip and sliding it sideways 
through the others. Now drop about 8 to 10 
inches of the film with the bobbin through the 
open gate into the space between the rollers of 
the dryers. Close the gate, start the motor, and 
tighten the variable speed drive belt by gently 
forcing the drive down. Lock the variable drive 
belt in position by turning the screw provided 
for this purpose. 

Watch the film as it travels around the outside 
of the drum, and check the degree of dryness of 
the film when the lead end has passed about 
three-quarters of the way around the drum. The 
edges should now feel dry. If they are still damp, 
slow down the dryer by slacking up on the belt 
and sliding the friction roller, found below the 
motor, toward the outer end of the friction disk. 
If this procedure does not slow the dryer down 
sufficiently, shift the belt to the larger diameter 
pulley and adjust the friction roller further until 
the speed is correct to dry the film properly in 
one circuit of the drum. 

The film may still be wet on completing the 
circuit of the drum. If so, raise the film gate and 
wind the film back onto the bottom spool by 
means of the crank attached to this spool. Rais- 
ing the film gate relieves the pressure of the two 
rollers in contact with the emulsion and avoids 
the danger of scratching the emulsion during the 
winding back of the film. 

When the bobbin on the dry end of the film 
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appears at the opening above the film gate, re- 
move it and attach the end of the film to the take- 
up spool which is placed above this opening. 
Allow the dry film to wind up on this spool. If 
rush prints are needed immediately, the individ- 
ual negatives can be cut off the roll as they come 
out of the dryer. Otherwise it is recommended 
that the entire roll of dry film be removed from 
the machine as a unit. 

The rollers, particularly the two in the film 
gate, should be cleaned frequently to prevent 
scratches and other damage to the film. 


There are less “fancy” ways of drying a roll of 
film if such “‘modern conveniences”’ are not available. 
It is possible to dry a roll by simply hanging it in a 
horizontal plane. Two or more men can hold it out on 
deck in the sun and air until it dries, provided, of 
course, the moving air is free from dust or dirt. An- 
other method of drying is to loop the film, emulsion 
up, over a series of rope lines and allow it to remain 
until dry. | 

NUMBERING THE NEGATIVES 


When dry, the negative should be numbered in ink 
on the base side of the film just inside one corner of 
the picture area. The date and other pertinent data 
can also be placed on the film so that later, when new 
pictures of the same terrain are studied, the com- 
parison can be definite and complete. 

If you have a series of pictures to be assembled into 
a flight strip, consecutive numbers on the negatives 
will show on the paper contact prints and make it easy 
to lay the photographs down in the proper overlap- 
ping order. 

PRINTING TECHNIQUE 


In aerial photography it is less important that you 
have an artistically beautiful picture than that you 
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have the BEST POSSIBLE DETAIL. That makes some dif- 
ference—not a great deal—in the procedure for 
printing aerial negatives. 

You will completely ignore the pictorial effect in 
order to secure the fullest rendering of detail. But 
that DOES NOT MEAN your aerial print needs to be flat, 
gray, or lifeless. What is actually needed is detail in 
shadows and highlights along with brilliance. It is 
true, of course, that if your prints are too contrasty, 
you will lose detail in one end of the scale or the other. 
But you should not be afraid to print for brilliance. 
~ Remember only that this brilliance must be held with- 
in the limits of good detail in both shadows and high- 
lights. When you have brilliance in the print, coupled 
with the required detail in both ends of the scale, the 
detail also will show more clearly. In that way the 
print will be more effective. 

Prints should: be of the SAME AVERAGE TONAL 
QUALITY. It is most unsatisfactory to try to organize 
a mosaic of mixed dark and light prints. (A mosaic is 
composed of several pictures assembled to form a 
large picture of the area desired.) 

The negatives were all taken at the same shutter 
speed and aperture under approximately the same 
lighting conditions. Correct development of the nega- 
tive roll produces uniform density and contrast. 
-Therefore, the only three factors that could result in 
prints of different tone values are— 

Variations in the exposure of the contact 
printing paper. 

The use of paper of the same contrast grade 
but of a different emulsion number. 

Variations in the time of development of the 
prints. 

It is presumed that all prints from a given set of 
negatives will be made on paper of the same degree 
of contrast. Once you have determined the correct 
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degree of contrast, USE THAT PARTICULAR GRADE OF 
PAPER FOR ALL PRINTS IN THAT SET. 

Similarly, when you have established the correct 
printing exposure, be as careful as possible to give 
each print the same time. If you are favored by 
having available an automatic electric timer, use it. 
The printer current is fed through the timer. The 
timer then can be set manually for any desired length 
of time down to split seconds and will expose each 
piece of paper precisely. If you have no electric timer, 
observe the second hand of a clock or watch by the 
safelight illumination. Some photographers time the ~ 
exposure by listening to the tick of a darkroom clock. 
If necessary, count the seconds of the time interval 
by yourself. In any case, TRY FOR THE MOST UNIFORM 
TIMING POSSIBLE. It is extremely important. 

Be sure that all the paper being used bears the 
same emulsion number because this type of variation 
alone may be the cause of poor matching of prints. 

Any standard contact printer, such as the 12 x 15- 
inch Professional Printer, will give satisfactory 
prints from aerial film negatives. It is much more 
‘convenient, however, to work with one of the special 
contact printers designed for this purpose. 


THE MULTIPLE LAMP PRINTER 


The multiple lamp printer is a 10 x 12-inch 
printer made especially for work with aerial film. It 
consists of a metal body, bakelite bottom panel, nega- 
tive supporting plate glass, ground glass for dif- 
fusion, a hinged type platen, brackets for holding 
rolls of aerial film up to the 914-inch width, neon 
glow lamps for use as safelights, two clear lamps for 
negative examination when it is desired, and 20 indi- 
vidually controlled argon glow lamps for the printing 
light. The printing light provided by the argon glow 
lamps is very rapid in its action, though it appears 
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quite dim to the eye. The platen is fitted with a 
sponge rubber mat which assures perfect contact be- 
tween the negative and the printing paper. . 

In using this machine, the spool containing the roll 
of film negatives is placed in one of the spool holders. 
The end of the leader is secured to the core slots of a 
take-up spool placed on the opposite side of the 
printer. Be sure the glass is perfectly clean before 
placing the film on the machine. Turn on the neon 
lights. (Use the single center switch on the front 
panel to turn the inspection lights off and on.) Make 
sure that every one of the twenty argon glow lamps 
is on by pressing in on the contact point of the print- 
ing switch button above the inspection light switch. 

Make a test print. If any area of the print is too 
dark, correction can be made by throwing the switch 
for the particular argon lamp below this area to the 
OFF position in order to give less printing of that area 
of the negative. This procedure is particularly effec- 
tive in compensating for the uneven illumination of 
the negative area which sometimes occurs when short 
focal length lenses are used on large aerial cameras. 

Turning off the four corner lamps and any others 
that are not needed will reduce the illumination at 
the corners. The thinner areas of the negatives at 
these points will receive less light. In this manner the 
print will be held back at the corners and the result- 
ing image will appear to have been made from an 
evenly illuminated negative. It is particularly neces- 
sary to make prints of even tone for mosaics. 


THE STRIP PRINTER 


The strip printer, sometimes referred to either as 
the continuous printer or the slit printer, is a new de- 
velopment in aerial photography. The design and 
construction of this machine were made necessary by 
the development of the strip aerial camera which 
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makes a continuous image on a roll of film up to 200 
feet in length. 

This printer very closely resembles the continuous 
printer used in motion picture production except that 
it will handle films up to 9 inches wide. The exposed 
and processed film is placed on the machine and 
threaded through to a take-up spool. The roll of 
paper is placed in the machine and then threaded 
through to its take-up spool. When the machine is 
put in operation, the film, with the paper in contact 
with its emulsion, passes across a slit which permits 
light from the printing lamps to expose the paper. 
The light is continuous and the exposure time is de- 
termined by the speed with which the film and paper 
pass the slit. 

This printer can be used in making prints from any 
negatives in roll form, whether the film was exposed 
in a strip camera or any other camera using large 
rolls of film. Special bromide paper in rolls 9 inches 
x 200 feet or 7 inches x 125 feet is available in four 
grade of contrast. 


PRINT DEVELOPMENT 


In developing the exposed prints, WORK FOR 
NORMAL TO FULL DEVELOPMENT. The printing time 
should be such as to require not less than normal de- 
velopment for prints of top quality. 

It is a knack to develop several prints at a time in 
the developing tray, and keep them of uniform tone 
by immersing each in the developer for the same time, 
but it can be done. Do not put more than six prints 
in the tray at once—four is enough. Place incoming 
prints on top, being sure to wet each thoroughly. 
Draw the first print out from the bottom of the tray 
and place it on top. Continue drawing out the bottom 
Frints one by one and placing them on top, counting 
them as you do so. If you are working with four 
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prints, count up to four and start over again. Then 
you will know that when you have finished a multiple 
of four, the bottom-most print is the first to come out. 
If you feed the prints into the solution at ten-second 
intervals, take them out one by one from the bottom 
at the same interval. A short stop bath of water and 
acetic acid will stop print development immediately 
at the desired point and help prevent stains. 

As prints keep coming through, the developer will 
gradually be exhausted. It is wise to start with plenty 
of developer. Watch the quality of the prints. Dis- 
card the old developer and prepare a fresh solution as 
soon as any definite increase in development time or 
any loss of tone is noted. THE PRIME OBJECT IS UNI- 
FORMITY OF PRINT TONE AND CONTRAST. Take every 
precaution to reach this goal. 

Speed is the ever-present need. If a print should — 
be torn, stained, or damaged, it would take a lot of 
extra time to go back, find the negative, print it to 
match in tone, and wash and dry it. It is, therefore, 
customary to make two prints from each negative. A 
“spare” is then instantly available. 


PRINT QUALITY 


Choose the contrast of your paper carefully and do 
not print too dark. If your prints tend to be too dark 
or deep in tone because they have been printed too 
fully, it means that valuable detail in the dark areas 
may be so obscured that it cannot be interpreted. 
Print your pictures on a paper that is soft enough to 
hold detail in both the dark areas and the highlights. 
A. good deep gray is recommended for what might 
otherwise print black. When the final mosaic is 
copied, additional contrast is usually obtained in the 
copying process. As a result, the original prints can 
be slightly on the soft side but still brilliant to give a 
perfect result. 
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Do not ferrotype prints. The paper, while wet, may 
be stretched unevenly by the squeegee or wringer 
with the result that the dried prints will not match 
in scale when they are assembled. Let the prints dry 
normally, exposed uniformly to the air, preferably 
on cheesecloth frames where the air can reach both 
surfaces. 

A. new paper for aerial photographs is now avail- 
able which has a base that will not absorb water as 
ordinary papers do. Hence, it dries more quickly and 
expands or contracts less with humidity changes. 
This paper is recommended particularly for use on 
mapping projects, 
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CHAPTER 4 
AERIAL PHOTOGRAPHY — THE "KNOW HOW" 
YOU AND YOUR PILOT 


Learning your aerial cameras and films doesn’t 
make you an aerial photographer. Using your mate- 
rials to turn out the finished product requires a special 
knack. Basic knowledge is no good unless it can be 
APPLIED in actual practice. The TECHNIQUE is the 
thing! 

In the preceding chapters on aerial cameras and 
films, you picked up the first elements of taking pic- 
tures from the sky. You were introduced to the sub- 
ject of oblique and vertical photos. Now you are ready 
to explore farther into the “know how” of aerial 
photography. 

‘TEAMWORK is the backbone of success. That is true 
about practically everything in the Navy. And it 
has particular significance in carrying out an assign- 
ment in photographic work aloft. PHOTOGRAPHER 
AND PILOT form a team. They must “play ball” in 
perfect coordination from start to finish. 

Reference has been made to the recent develop- 
ment of cameras for fast one-seater craft, in which 
pilot and photographer are one. But in the vast 
majority of aerial photographic duties, you will man 
the camera and someone else will man the plane. 
Inasmuch as each is an expert in his own specialty, 
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properly speaking there will be no “boss.’> The pilot, 
of course, is the master of the plane. You must obey 
his orders quickly and cheerfully and accept his judg- 
ment in all matters pertaining to the plane. But you 
are the master of the camera. You decide what to 
shoot and how and when to shoot it. Hence you must 
direct the pilot as to where to fly so the best results 
can be achieved. 

A mutually helpful attitude and a congenial frame 
of mind between you two will insure the success of 
your combined effort. Failure to attain this view- 
point is an almost certain guarantee of trouble that 
may result in complete failure of a mission. 

You don’t have to know how to fly an airplane. 
He doesn’t have to know how to take pictures. But 
each of you must try to understand the other’s prob- 
lems—in a general way at least. 

Your team must “huddle” BEFORE you execute the 
play so you will know precisely how you are going to 
do it. Among the factors to be considered in “calling 
the signals” are— 

Purpose of the mission. 

Objective’s location. 

Type of objective. 

Type of aircraft to be used. 

Supplies for the mission (food, clothing, oxy- 
gen, etc.). 

Type of camera to be used. 

Type of pictures to be made. 

Altitude over objective, direction of approach 
to and distance from objective, and other ques- 
tions of importance for that period of a few sec- 
onds or minutes that the plane is in position for 
you to take pictures. 

The purpose of the mission must be understood 
thoroughly by every member of the party, particu- 
larly the pilot and photographer. That 1s true at any 
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time, but especially so in wartime when the risk may 
be so great that a retake would be impossible or the 
opportunity may never occur again. In peace time 
a “slip-up” in the mission may result in loss of time, 
unnecessary expense, and inconvenience. In war time 
it may mean a serious delay that could result in 
added casualties and even complete failure of a con- 
templated campaign or an action already in progress. 

The purpose of the mission is actually the control- 
ling factor in considering the remaining points. Upon 
it depends the choice of plane, camera and other 
equipment, the flight plan, and the entire course to 
be -followed. 

Pilot and photographer must study the location of 
the objective and the conditions which might face 
them so that they can prepare as fully as possible to 
surmount the obstacles. In peacetime the most seri- 
ous hurdles will usually be such natural conditions 
as weather, visibility and position of the objective. 
In war there will be an added number of man-made 
obstacles that may easily assume more importance, 
such as enemy planes or ack-ack. 

The type of objective, in wartime, may well deter- 
mine the amount of enemy opposition to be met with, 
so plans must be laid to get through to the scene, 
obtain the pictures, and return with the film in the 
shortest possible time. 

The points already considered have a definite bear- 
ing on the selection of the plane to be used—assum- 
ing that available craft permits a choice. Slower 
types of planes have usually been chosen, as photo- 
graphing from them is comparatively simple. But 
some one of the conditions to be encountered may 
necessitate the use of a very fast plane. 

What type of camera you will use also is related 
to conditions expected to be found over the objective 
as well as to the type of pictures required. If enemy 
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opposition is strong, the photography may have to 
be done from a high altitude with a camera fitted 
with a very long focus lens, or it may even be neces- 
sary to take pictures at night, using the K-19 camera. 
The type of pictures will be determined by the needs 
of the command, the conditions found, and the equip- 
ment and material available. 

Since the actual time of “shooting” is only a matter 
of seconds, or, at the most, minutes, every detail must 
be worked out.as far in advance as possible. Yet, at 
the same time, both photographer and pilot must be 
able to make quick decisions in order that they may 
take full advantage of the opportunities that develop 
while in the air. 

You can readily understand, then, the supreme im- 
portance of INTERCOMMUNICATION between pilot and: 
photographer during flight. The plane’s phone sys- 
tem should always be checked carefully before the 
take-off. Sometimes, however, that equipment may 
fail or you will be too busy with your photographic 
equipment to use the phone. To prepare for those 
contingencies, it is wise to work out a simple sign 
language. The signals should be easy to make and dis- 
tinctively different so that the chance of error in mak- 
ing or reading them will be reduced to a minimum. 

Whatever you are photographing, there is always 
a particular view that will show the subject to the 
best advantage. Very often you will receive instruc- 
tions from your commanding officer for photographs 
from a certain angle or certain direction. You may be 
directed, for instance, to take a low oblique of a 
specific building from the northwest. In such cases 
you can do nothing but follow your orders. 

Many times, however, the questions of specific de- 
tail will be left up to you. You will arrange with your 
pilot prior to the flight for a certain procedure which 
he is to follow if it is at all possible. A recommended 
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procedure is for the plane to fly a straight course past 
the subject at a certain distance and altitude which 
will give you the desired lighting, the proper angle 
of view, and the required image size. You can then 
photograph the subject several times as the plane 
flies past. The several negatives will give you a 
choice of view. 


You're getting pretty well along with your 
pre-flight planning. Is your equipment in shape? 
You think so? BE suRE! 

Check all mechanical and electrical apparatus with 
utmost care. Check aperture, shutter, filter. By all 
means, if using an automatic camera dependent on 
electric current make certain the storage battery or 
other power is sufficient. Check vacuum pump or 
hose line so you may be sure your film will be lying 
flat on its focal plane when the picture is taken. 

See that your film magazine contains ample nega- 
tive material for all planned pictures. Add, if pos- 
sible, a reserve for unforeseen subject matter that 
may be disclosed to your eyes during the flight. 

If you are to use a vertical camera mounted in the 
plane, have hatch covers for the camera and view- 
finder closed to keep out dust, grit and mud. A cloth 
over the plane openings, held in place by your feet, 
will do if the regular covers are damaged. The dirt 
blown up by the rush of air from the prop during the 
take-off can soil as well as seriously damage the soft 
glass of the lens. In a seaplane, the hatch will natur- 
ally be closed before taking off. After you have left 
the water you will of course open the hatch so that you 
may shoot vertically down through the hull. Don’t 
FORGET TO CLOSE THE HATCH before the plane lands 
on the water again! 

If your camera has the interchangeable type film 
magazine and you plan to use more than one maga- 
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zine; be sure the extras fit. Some backs, though they 
are custom fitted for specific cameras, may not fit the 
particular camera you are using. 

While looking out for your equipment, don’t for- 
get to look out for yourself. Oxycen! On that de- 
pends your physical welfare, and perhaps your life, 
if you are to fly for any sustained period at 10,000 
feet or over. Be absolutely sure your oxygen equip- 
ment is in perfect order, that you know how to use it, 
and that there is an ample supply of oxygen on hand. 

You have been told to do a lot of things before 
taking off. Even when you’re a veteran, it will be 
easy to forget some of them—unless you prepare a 
check list for yourself. There are just too many 
things to consider to take a chance of omitting one 
single item. If but one thing goes wrong in a chain 
of inter-related functions, the whole job may be 
scuttled. 

Do not forget—obvious as it may seem—to remove 
lens cap and dark slides. Photographers otherwise 
capable have left lens caps in place inside of the 
camera. Naturally no light reached the sensitive emul- 
sion and all carefully exposed scenes were blanks. 


TAKING OBLIQUES 


Refresh your memory on OBLIQUE and VERTICAL 
aerial photographs. The former are taken with the 
camera pointed downward at an angle. The latter 
are taken with the camera aimed right straight down 
from the airplane to the ground. 

Whenever you look down from a mountain or a 
high building, you see an oblique or “angular’’ scene. 
It is a view that gives details most helpful in inter- 
preting objects on the ground because you are look- 
ing not only down at the object, but a bit from the 
side. You get detail in two planes. 

Here’s a practical example. A view straight down 
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Figure 23—An F-56 with 20" lens being used to take an aerial oblique. 


(a vertical) shows a bridge over a river as a certain 
shape on a flat plane. You have no evidence as to 
the understructure of the: bridge. The oblique pic- 
ture, shooting down and to the side picks up the side 
detail. Perhaps paratroopers will drop near the 
bridge to place explosive charges and demolish it. 
The oblique photograph has shown the nature of the 
bridge construction and suggested the most vulner- 
able spot for the explosives. They might have to work 
at night. Careful analysis of the oblique photographs 
will teach them a great deal that will save valuable 
time and increase the prospect of thoroughly smash- 
ing the bridge. 

The camera sometimes must be moved as you take 
an aerial oblique. Shutter speeds are usually from 
11/100 to 1/300 of a second. When you're flying low, 
the ground may shoot past you so fast that such 
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shutter speeds will not “stop” it. That would result 
in a picture which is not sharp. To prevent that, you 
“follow the subject” with your camera. 

You move the camera in the direction OPPOSITE TO 
THE DIRECTION OF FLIGHT, keeping the lens fixed at 
some point on the ground. Then the image on the 
film does not move as much as it would if the camera 
were stationary and the subject moved across as the 
plane flew by. This procedure is called “FroLLow 
THROUGH.” As in the “follow through” of a golf 
club swing, the movement is continuous and smooth. 
You don’t move your camera until just before shoot- 
ing and then stop it to take the picture. Keep it 
moving as you shoot. 

VIBRATION is a source of trouble in making aerial 
photographs. When holding the camera for obliques, 
take care not to rest it on any part of the plane. If 
you do, the image will be blurred. Stand firmly in 
the cockpit and hold the camera tight against your 
chest and chin, with your eye in direct alinement with 
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Figure 24—A high oblique of a convoy. 
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the viewfinder. In that fashion your body will tend 
to dampen out and absorb the plane vibration. The 
pilot can help overcome the vibration jinx by throt- 
_ tling down his engine and putting the plane into a 
glide or a slight side slip, unless circumstances re- 
quire him to maintain full speed ahead. 

The ideal positions from which to take obliques 
are FROM THE Bow of the plane, or from a door, a 
blister or over the side AFT OF THE WING. From such 
positions you can avoid including parts of the ship, 
which may be pictorially effective in peacetime but 
prove unsatisfactory in wartime for Navy purposes. 

SIZE OF IMAGE is another point which arises. How 
can you adjust the relative size, on your negative, of 
the object you will shoot? To some extent you can 
control that. Under certain conditions you cannot. 

In vertical photographs the size of the image de- 
pends on the ALTITUDE from which the picture is 
taken and the FocAL LENGTH of the lens. 

In obliques, size of image depends on those factors 
plus one more—the ANGLE OR DISTANCE away from 
the subject. This will be easiest understood in terms 
of high and low obliques. As pointed out in Chap- 
ter 2 of this volume, the high oblique is taken with 
the camera more nearly horizontal, so that the picture 
shows the:horizon. 

In the low oblique, the camera is more nearly ver- 
tical and the horizon does not show. Now, a high 
oblique, taken at quite a distance away, would show 
the subject as small. With the same altitude and lens 
focal length, a low oblique, taken much closer to the 
subject, would show a larger image of the’ scene. 

Over fortified enemy country, high-altitude flying 
may be necessary to minimize the danger. of anti- 
aircraft fire and the chance of being intercepted. You 
may have but one opportunity to get your picture and 
dash out. It is vital in such cases to use a lens of long 
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focal length, to magnify the image as much as pos- 
sible. A 20-inch or 40-inch lens is reeommended. 

The RELATIONSHIP OF FOCAL LENGTH TO IMAGE SIZE 
is the same in aerial cameras as in ground cameras. 
An increase in focal length of a lens gives a propor- 
tionate increase in size of image (Chapter 2 of 
Volume 1). Suppose a 200-foot ship is a 2-inch image 
with a 10-inch lens. Change to a 20-inch lens and the 
image is now 4 inches long. You cover only one-half 
of the linear ground distance and one-fourth of the 
ground area. By doubling the focal length you have 
doubled the size of the i image. But your picture takes 
in less territory. 

It is generally impractical to shift lens cone’ in 
flight, so you must decide before taking off what 
length lens will be best for the mission at hand. 

You can determine what altitude will be necessary 
to get an image of the size you want. But if the 
enemy doesn’t foul your plans the “weather man” 
might. Assume you want to “shoot” from an altitude 
of 8,000 feet but clouds force you down to 4,000. To 
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Figure 25—A low sigue at Casablanca, French Morocco, showing the French 
battleship Jean Bart and damage caused by U. S, bombs and shells. 
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make that drop too quickly could ruin your mission 
because moisture is likely to condense on the lens 
under high humidity conditions. This means either 
that your plane should go in at the elevation at which 
the pictures are to be made, or that the rate of climb 
or descent must be very gradual to prevent condensa- 
tion. If you come in on a glide with a very gradual 
loss of altitude, you will level off at the proper height, 
snap your pictures, and start for home in a hurry. 


During these critical moments you must be 
thoroughly familiar with your camera and _ its 
mechanism so there can be no slip-up. Your camera 
technique must be so ingrained through practice 
that it is almost instinctive. Practice is the answer 
to the problem. And DON’T FORGET TO REMOVE THE 
DARK SLIDE! Every time you are up on an aerial 
photographic mission, you will meet some new un- 
foreseen situation to master. Each time you will 
gain in confidence and experience. 


Whenever possible, AVOID TAKING OBLIQUE PHOTO- 
GRAPHS WITH THE SUN DIRECTLY BEHIND THE 
CAMERA, This gives a flat fill-in lighting and the 
print will lack, modeling and brilliance. When the 
sun falls upon the scene from a 45° angle you get real 
sparkle and a greater feeling of depth. On the other 
hand, too long shadows thrown by the sun early or’ 
late in the day can obscure detail that might be help- 
ful to the photographic interpreters. When possible 
AVOID SHOOTING TOWARD THE SUN. You will obtain 
little detail in the dark shadowed areas facing you 
and there is the possibility of flare which can diminish’ 
the value of your pictures. 

The size of obj jects in the photograph can be deter- 
mined by the length and width of their shadows if the 
time of year, the time of day, and the altitude are 
known. 
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To make an oblique photograph the camera should 
be held so that the top of the picture frame is parallel 
to the horizon. When making a high oblique, where 
the horizon is included in the picture area, this is rela- 
tively simple. But when making a low oblique, where 
the horizon is not included, it is a little more difficult. 
It may be accomplished without too much trouble, 
however. Sight the camera at a higher angle to in- 
clude the horizon, bring this line parallel to the top 
of the viewfinder, and then bring the camera down 
to the angle that will give the proper coverage of the 
subject. In this way it is possible to maintain a rea- 
sonably parallel relationship between the edge of the 
picture and the horizon. 

There are times when a parallel relationship may 
be intentionally sacrificed to obtain a wider coverage. 
You may wish to include two points in one exposure 
but cannot accomplish this with the camera level. By 
turning the camera at an angle you may be able to 
include both points along a diagonal of the picture 
area. 


TAKING VERTICALS 


Obliques are not always enough. Often you will 
need verticals IN ADDITION or INSTEAD. 

The oblique reconnaissance photograph is invalu- 
able in studying details of an object or area, and for 
many needs no other picture is necessary. But the 
information is not COMPLETE without a series of ver- 
tical photographs of the same location. 

The paratroopers needed the oblique to describe 
construction of the bridge. They may have needed 
a vertical, to begin with, in order to locate the bridge 
in relation to surrounding country. 

When mapping is the purpose, VERTICAL is the 
method. To meet certain needs, the vertical will do 
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Figure 26—A vertical aerial photograph taken at the same location as figure 
25. The full size original disclosed extensive damage to vessels and installa- 
tions in the harbor. 


the job alone, just as the oblique suffices to fill other 
specific requirements. | 
Planning for oblique photography involves a con- 
siderable amount of detail, as you have learned. Ver- 
tical photography entails even more. To prepare a 
photographic map of a large area, a definite detailed 
plan must be worked out and adopted with every 
specific point incorporated to insure complete cover- 
age. The series of pictures must include aL. the 
ground over the entire area being mapped. When 
you have produced an oblique photograph, your work 
is finished. After you have printed your vertical pho- 
tographs, the task of making the map begins. 
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TYPES OF AERIAL MAPS 


An aerial photographic mosaic map is made up of 
a series of overlapping vertical photographs. The 
prints are assembled to form a continuous picture of 
the area. There are three classes of such picture maps. 

Crass A. It is constructed entirely of contact 
prints and assembled without any attempt at correc- 
tion of scale due to camera or altitude variation. This 
type of map is generally needed in a hurry in time of 
war or emergency. It gives full information on 
ground detail and copies of it can be made quickly 
for landing parties, bomber pilots, or others. It is 
primarily this type of map that Navy photographers 
make during war, since ITS KEYNOTE IS SPEED with as 
reasonable accuracy as careful work can produce. It 
can be termed an uncontrolled field map. 





Figure 27—Diagram of a five-exposure flight strip. 
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The simplest form of the Class A map would be 
a single row of overlapping photographs along a 
railway, road or coastline where matching of a second 
or third parallel row of pictures is not necessary, 
This is known as a FLIGHT STRIP. 


Crass B. It is a more accurate map. It may be 
made from the same negatives. But where those nega- 
tives may have been affected by tilt, the prints have 
been corrected in a rectifying or transforming pro- 
jection printer. By that process DISTORTION IS BAL- 
ANCED OUT AND THE RESULTANT SCALE OF ALL AREAS 
OF PRINTS AND ALL PRINTS IS THE SAME. These prints 
are then mounted carefully on a firm support. Plotted 
on the support are certain ground control points to 
insure an accurately scaled mosaic map. In order to 
make this type of finished map, TIME is necessary to’ 
assemble, to transform tilted prints, and to obtain 
accurate ground detail. 


Cuass C. It is hardly an actual map. The photo- 
graphs are obtained in the same manner as the over- 
lapping verticals used in Class A and Class B maps, 
but they are not mounted to form a mosaic. They 
are numbered in proper sequence and RETAINED IN 
ORDER IN A PORTFOLIO, FILE OR BINDER as a reference 
set of pictures for furnishing data for plotting topo- 
graphic maps or other types of charts. 


Adjacent prints may be readily used in this loose- 
leaf form under a stereoscopic viewer (providing a 
three-dimensional picture) for studying the relief of 
the terrain and determining elevations and contour 
lines. The Hydrographic Office and the Coast and 
Geodetic Survey Office find Class C sets of photo- 
graphs most valuable. These agencies use them for 
making line maps through tracing or the use of a 
pantograph, an instrument yielding an actual draw- 
ing at any desired scale from its control point which 
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is moved manually about the area of the original pho- 
tograph. 

There are elaborate stereometers and aerocarto- 
graphs used by the United States Geological Survey 
which can determine from two adjacent stereo photo- 
graphs exact heights of points in the photographs. 
(More about stereoscopy comes later in this book.) 


Before you can make any kind of a photographic 
map you have to have the negatives. The better the 
negatives, the better the prints. Aerial photography 
differs not one iota from any other branch in this 
respect. 


GETTING READY 


Aux sET? Not by a long shot. You still have a 
lot to do before you go up above to make a set of 
mapping negatives. 


First you must obtain as accurate an nies of the 
area to be mapped as possible. Use any charts or 
maps of the area that are available. The flight course 
should be drawn up and the objective of the flight 
must be discussed with the pilot. 


Weather also will be an important factor. If the 
day is overcast, or with low-hanging clouds, results 
may hardly be worth the effort necessary for the 
flight. Low clouds can cut out so much ground detail 
that the percentage of usable area of the negatives 
is -too small to justify the attempt. There will be 
times, of course, when a strip of pictures for a rough 
map will HAVE to be taken on days with poor visi- 
bility. Except in such emergencies, you should choose 
a sunny day with clouds at a minimum. 

Better mapping pictures are made after the sun is 
well above the horizon and before late afternoon. ‘Too 
many shadows can obscure detail that might be very 
valuable. Long shadows can produce patterns on the 
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ground that are hard to interpret. A picture-map 
that is confusing might be worse than none at all. 
Next you should go through the same “get ready” 
list required for oblique photography. To repeat, 
your preparation should take into consideration— 


Purpose of the mission. 
_ Objective’s location. 

Type of objective. 

Type of aircraft to be used. 

Supplies for the mission. 

Type of camera to be used. 

Type of pictures to be made. 

Altitude over the ob jective at which pictures are 
to be made. 


DETERMINING THE SCALE 


Every map needs a scale. You know, like 1 inch = 
10 miles. Or any other proportion that fits the cir- 
cumstances. Scale is the ratio of the length of the 
image on the photograph to its corresponding actual 
length on the ground. 

Regardless of whether your map is to be Class A, 
B or C, you must determine what scale to use. Or, 
if you are told to use a certain scale, you'll have 
to figure out what altitude and what lens will repro- 
duce the given area in the stipulated size. 

In the oblique photograph, scale is relatively unim- 
portant. You work to fill the negative with the sub- 
ject. A characteristic of the OBLIQUE is that it covers 
a large area and VARIES IN SCALE. On the other hand, 
the OUTSTANDING FEATURE of the true VERTICAL series 
is that it has a UNIFORM SCALE. 

The scale is imprinted on the map at some place 
where it will not interfere with detail. It should be 
a measured line marked off in yards or miles, or both. 
This scale, plus the title and other necessary data, is 
called the LEGEND. 
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A fractional scale, such as one inch equals 20,000 
inches (1/20000 or 1:20000), should not be placed 
on any map which is to be reproduced to another 
scale. 

Since light rays from the outer limits of the photo- 
graphed area pass through the geometric center of 
the lens to define the corresponding outer limits on 
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Figure 28—Diagram showing aerial camera and relation to altitude and 
ground covered. 


the negative, similar triangles are formed. (See fig- 
ure 28.) As the focal length and altitude are corre- 
sponding parts of similar triangles (both being alti- 
tudes of similar triangles), their ratios will also be 
the ratios existing between the negative and the 
ground distance. 
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This gives the basis for the FORMULA TO DETERMINE 

SCALE— 

_ F 

~ 124° 
where F is the focal length of the lens in inches, and A 
is the altitude in feet. 

As F is in inches, A, (altitude measured in feet) 
is multiplied by 12 to convert to the same unit of 
measurement ( inches). 

This formula is read “S equals F over 12A” (not 
F divided by 124). 

Suppose you use a 10-inch lens and your altitude 
is 15,000 feet. What scale results? You have 
10 
12 * 15,000 
Your scale is 1/18,000. That means one inch on the 

picture equals 18,000 inches on the ground. 

Figure another one for practice. You have an 814” 
lens and your altitude is 10,000 feet. This gives you 
8.25 
12 * 10,000 

1/14,545. 


Knowing the focal length of your lens, it is a 
simple calculation to determine what altitude is neces- 
sary to produce negatives of the required scale. It 
is better, whenever possible, to make the negatives 
to a predetermined scale than to try to use any scale 
which may result from an altitude selected at random. 

The foregoing formula can be varied to supply the 
FORMULA TO DETERMINE ALTITUDE WHEN FOCAL 
LENGTH AND SCALE ARE GIVEN— 

_ *#F 
~ 125° 

Figuring from this formula is a little different. 
Suppose you have an 814” lens and you are told to 
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or 10 over 180,000, or 1 over 18,000. 


or 8.25 over 120,000, or a scale of 


make your pictures on a scale of 1/10,000. What 
altitude will you use? 





; 10,000 
A — 825 — __ 8.25 —_— 8.25 x 3 — 
12X1/10,000 ~~ 12/10,000 | 12 
82,500 
—— = 6,875. 
12 me 


Thus to carry out your orders to use a scale of 
1/10,000 with an 814” lens, you must fly at 6,875 feet. 

In war time, it is usually known what altitude will 
be relatively safe in flying over the objective. Also 
the desired scale is known. Then you have to find out 
what lens will produce the stated scale from the stated 
altitude. 

So you need the FORMULA TO DETERMINE FOCAI. 
LENGTH WHEN ALTITUDE AND SCALE ARE KNOWN— 

F = 1248 | 


Suppose it has been decided that 20,000 feet will 
be the best altitude for photographing a particular 
objective. You are asked to use a scale of 1/12,000. 
What focal length lens will you need? 

1 _ 240,000 __ 240 __ 
12,000 12,000 12 


You will use a 20-inch lens. 
HOW MANY EXPOSURES? 


Now po You TAKE OFF? Well, not quite yet. But 
you're getting warmer. 

First you need to determine the number of expo- 
sures in each flight strip to cover the ground you are 
to map. How many pictures will you have to take 
and how much film will you need? 

Here you get into a different type of mathematics 
but it can be made easy for you. 

Refer to figure 28. I is the image length, or the 
length of the image on the negative. G is the ground 
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F = 12 X 20,000 X 








distance, or the length of the object on the ground. 
F is the focal length of the lens and 4 is the altitude, 
as in previous formulas. 

This proportion holds true— 

I:F::G:A 

That means I is to F' as G is to A. Or, the relation 
of I to F is the same as the relation of G to A. 

Assume you are using an F-56, the all-purpose 
aerial camera of the Navy. It has a picture size of 
658 inches by 7 inches. You are using a 20-inch lens. 
Your altitude is 20,000 feet. You want to find the 
amount of ground covered along the flight line—the 
652” (6.625") side of the picture. 

Now use a bit of simple algebra. If that term 
frightens you, forget it. Just say that you will take 
a short cut to finding the amount of ground which 
the picture will cover (G), when you know the image 
length on the negative (ZI), the focal length of the 
lens (F'), and the altitude (4). | 

“G” is the thing you do not know, so for the mo- 
ment call it “X”’—the unknown quantity. 

Apply the proportion just given. The negative 
image is to the focal] length as the ground distance 
is to the altitude. 

I: F::G@: A. Or— 
6.625 : 20 :: X : 20,000 

Now multiply the means (20 and XA, the two fac- 
tors together in the middle of the formula) and the 
extremes (6.625 and 20,000, which are at the two 
ends of the formula). | 

20X = 182,500 
A = 6,625 

Follow the same procedure to find the ground cov- 
ered from side to side—the 7” side of the picture. Just 
substitute 7 for 6,625. 
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7 : 20 ;:: X : 20,000 
20X = 140,000 
X = 7,000 
Thus the area you will photograph at one exposure, 
as recorded on the full area of the film, will be 6.625 
feet long along the line of flight by 7,000 feet across 
the line, or sideways. 
OVERLAP 


Your plane is flying its course directly over a 
straight road of which photographs are wanted show- 
ing ground on both sides. You must take pictures at 
such intervals that there will be no space on the 
ground that has not been photographed. 

To insure this coverage, you make each picture of 
the strip so that it overlaps the preceding and follow- 
ing pictures. The amount of overlap is about 60 
percent, so that only some 40 percent of each picture 
is actually used. Each photograph is taken so that 60 
percent of its area is overlapped by the previous and 
succeeding pictures. By having this overlap, you are 
certain of covering the ground without any gaps in 
the map. 

_The overlap serves another important function. 
The mosaic map maker uses only the central area of 
each print in putting together the map. This is nec- 
essary because the middle area of any vertical photo- 
graph is the area of truest reproduction of the ter- 
rain. To illustrate this point, consider an example of 
distortion of image due to variation in position. 

You are flying over a mountain, making a series of 
verticals with the camera always in the true vertical 
position. When the airplane is directly over the top 
of the mountain, a perfect reproduction of the form 
of the mountain, insofar as mapping is concerned, is 
obtained. 

However, when the mountain is seen in photo- 
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graphs made before and after this one, in which the 
mountain appears near the edge of the film, you will 
notice that the far side is no longer visible. The 
camera position is different in respect to the subject 
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Figure 29—Diagram showing effect on scale when photographing 
over rough territory. 
matter. Therefore, the mountain shows more of its 
near side and less of its far slope to the lens than 
when photographed directly from above. ‘This also 
affects the scale. 

You can imagine the trouble i in matching sages of 
prints when these distortions of the terrain are pres- 
ent. Therefore the outer areas, toward the edges of 
the pictures, are discarded in favor of the inner 40 
_percent—the middle—of the prints. 

The most important reason for using this amount 
of overlap, however, is because this gives the greatest 
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degree of accuracy in case the pictures are used for 
stereoscopic measurements in either contour mapping 
or in photographic interpretation. 


SIDE-TO-SIDE OVERLAPPING 


That takes care of the subject of overlapping when 
only a single flight strip is to be made. The photo- 
graphs are along one line, such as a railroad or a 
river. That is the kind the Navy photographer is 
usually called upon to produce during war. 

But often a wider area must be mapped. In that 
case the plane, after covering its first flight strip, 
flies another course parallel to the first one so that 
both rows of pictures overlap along their parallel 
common sides. If a still broader region is being 
mapped, the plane will have to fly a third parallel 
course and perhaps more. 

These strips, or series of overlapping verticals, are 
taken at a constant altitude and assembled to form 
a continuous picture of the desired area. That is an 
AERIAL PHOTOGRAPHIC MOSAIC MAP. 

Now you must consider overlap in two directions 
instead of one. The general practice has been to use 
only 40 percent of each photograph in the direction 
of the line of flight (fore-and-aft), and 60 percent 
of the side-to-side area (port-to-starboard). Another 
system is usually acceptable and in some respects 
more desirable because it is a little simpler. That is 
to use only 40 percent of each picture in BOTH direc- 
tions—to allow a.60 percent overlap BOTH ways. 

The latter procedure is preferable when the pho- 
tographer is inexperienced or when the photographer 
and pilot have not worked together previously as a 
team. “Old hands” at the camera, who have been 
on the job before with the same pilot, can count on 
using 60 percent of the width of each picture (dis- 
carding only 40 percent) and still be sure to cover 
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ALL of the assigned area. Newer hands need a little 
more leeway as a safety factor, so they plan to use 
only the middle 40 percent (discarding 60 percent). 
This also makes it possible to get accurate stereoscopic 
measurements from any two overlapping pictures. 

In either case you use the central portion of the 
picture, which might be called the crITICAL USABLE 
AREA. 

Look again at the example on pages 173 and 174, 
where you found your picture would cover a ground 
area of 6,625 feet fore-and-aft by 7,000 feet port-to- 
starboard. If you plan a 60 percent overlap both 
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Figure 30—Diagram of area being photographed showing 60 percent— 
40 percent overlap. 
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ways, you will use only the 40 percent in the middle 
of the picture, or an area 2,650 feet by 2,800 feet. 
If you use the other system, you will get an area 
2,650 feet long (40 percent of 6,625) and 4,200 feet 
wide (60 percent of 7,000). 

You will discover by experience, or by the instruc- 
tions given to you, whether you should use the 60 
percent-60 percent overlap or the 60 percent-40 per- 
cent overlap. 

= A PRACTICAL EXAMPLE 


You are assigned to make a mosaic map of a rec- 
tangular area 35,000 feet north and south by 20,000 
feet east and west. All strips are to be flown in north 
and south directions. You are to allow a 60 percent 
overlap in the line of flight and a 40 percent overlap 
across it. You are to photograph from an altitude of 
20,000 feet. Plane air speed is 180 knots, wind 15 
knots north. Your camera is the F-56 with a 20-inch 
lens. 

The following data is needed— 
Number of exposures per flight strip. 
Number of strips required. — 
Total number of exposures required. 
Interval in seconds between exposures. 


Each “shot” will cover an area 6,625 feet by 7,000 
feet—that was worked out on pages 173 and 174. The 
usable area of each picture will be 2,650 feet (40 
percent of 6,625) by 4,200 feet (60 percent of 7,000). 
The territory to be photographed is 35,000 feet long. 
So the number of exposures to cover one flight strip 
is 835,000 divided by 2,650. That means 13+ pictures 
to cover one north-south flight run. 

If you take 13 pictures and cover 2,650 feet each 
time, you will photograph 34,450 feet on the ground. 
Since 13 “shots” will not quite do it, you must figure 
on 14 to cover the 35,000-foot length assigned. Then 
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add one extra for beginning the flight line and one 
extra for the end. That makes 16 exposures for the 
flight strip. These extra pictures give you leeway 
to insure complete coverage of the area from end to 
end, Also, they may help tie in the prescribed area 
with certain landmarks just outside it. 

Now, how many strips will be required—how many 
flight runs will you have to make to cover the 20,000- 
foot width of the area? The usable portion of the 
pictures taken on each run will cover 4,200 feet from 
side to side—at right angles to the line of flight. 
Divide 20,000 by 4,200 and you get 4 flight runs. 
Four runs would not do it, so you must count on five. 
Then add one for good measure, to be sure you don’t 
miss anything along the edges, and perhaps you 
will pick up some additional points of location on 
the ground. Thus you will make six flight runs. 

Now for the third point—what is the total number 
of exposures you will have to make? You will make 
16 exposures for each strip and you will take six 
strips. That means 16 times 6 or 96 exposures. Film 
for the F-56 camera has 200 exposures per roll. So 
you will use a little less than half a roll for this assign- 
ment. 

That brings you to the fourth and final piece of 
data—the time interval between exposures. Natu- 
rally this involves your speed. The air speed is 180 
knots. You have a north wind of 15 knots. When 
you are flying south the tailwind increases you 
ground speed to 195 knots. 

To convert knots to feet per second, you multiply 
the number of knots by the CONVERSION FACTOR 1.7. 
(Remember that factor, as it can be very helpful in 
many navigation problems—related to photography 
or otherwise. ) 

When flying north (against the wind), your 
ground speed is 165 knots. Multiply that by 1.7 and 


179 


you get 280.5. Thus 280.5 feet per second is the 
amount you make good over the ground. Each expo- 
sure, as already figured, will cover 2,650 feet of 
ground distance. Divide 2,650 by 280.5 and the an- 
swer is 9-++. So you will have to take a picture every 
9 seconds. That is your interval between exposures 
when flying north. Notice that any fraction of a sec- 
ond in time interval is discarded while any fraction 
of a picture is added as a whole picture. 

Your next parallel strip is flown in the opposite 
direction. You will be flying south—with the wind. 
Since you are going faster, you will have to take 
pictures faster. With the tailwind your ground speed 
is 195 knots. Multiplying by 1.7 gives 331.5 feet 
per second. Divide 2,650 by 331.5 and the answer 
is 8-+. Your exposure interval is 8 seconds when fly- 
ing south. 

Breathe easy. The mathematics is finished. It took 
a long time to arrive at the answers this way, but 
when you “catch on” it will be rapid calculation. 

Now? All right, now! Load your equipment and 
yourself into the plane. You’ve been chafing 
during the ground preliminaries. But you'll 
be glad in a little while—when you are up 
there shooting—that you have taken good care 
of all these details before you took off. 


ON THE LEVEL 


While you’re flying toward your objective, an- 
other important point can be impressed on your mind. 
It will have a major bearing on the value of the 
pictures you are about to take. 

Titr. The word lighted up on the pin-ball machine 
you were playing. Aha! You tried to tip it so your 
ball would roll through pegs which would give you 
a higher score. The machine said T1LTt. Your game 
was spoiled. 
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Figure 31—The left diagram indicates the area covered by a camera when 
the plane is climbing, the right diagram when flying level. 





It would be convenient if your aerial camera had 
a word “tTiLT’ which would light up. You can spoil 
your vertical photograph, as far as its practical value 
for mapping is concerned, by “shooting” while your 
camera is tipped too much. 

The perfect vertical photograph is obtained when 
the film plane is horizontal and hence parallel with 
the plane of the earth beneath the camera. To state 
it another way—when the optical axis of the lens is 
pointed straight down toward the center of the earth 
at right angles to its surface. When an airplane is 
banking, climbing or diving it will be difficult if not 
impossible to obtain a true vertical photograph. 

Still it is not necessary that the plane be abso- 
lutely level, because the camera can be adjusted in 
its mount. 

All aerial vertical cameras are mounted in the 
plane, as you know from your reading of Chapter 2 
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in this volume, so that they can swing easily in all 
directions. They can hang in a vertical position even 
though the plane at the moment may not be in the 
true horizontal position. It is vital that you keep the 
camera lens axis as close as possible to a true vertical 
at all times. 

The spirit levels on mounts such as the N-R-1 
enable you to check the camera’s position accurately. 
A. close watch on these levels is constantly important. 
Some cameras, as each picture is taken, record on the 
film an image of the spirit level bubble. That indi- 
cates the angle of tilt of the camera as each film was 
exposed. 

The ANGLE OF TILT is (take a deep breath for this 
one) the angle measured at the lens between the 
optical axis of the lens at the time the picture was 
snapped, and a plumb line or true vertical line from 
the lens to the earth which meets the earth at right 
angles to the earth’s surface. 

Here is the same idea broken down into simpler 
parts. Draw an imaginary line from the lens to the 
object you are photographing. Draw another imagi- 
nary line from the lens straight down to the ground 
so that it is exactly vertical at the ground. These two 
lines form an angle at the camera lens. That is the 
angle of tilt. 

In a perfect vertical picture the two lines will 
coincide. There is no angle. There is no tilt. That 
will probably never happen—not “right on the nose.” 
You are permitted a MAXIMUM error of 3°, and 2° or 
less is preferred. ‘That means the angle must never 
be more than a 8° angle. The camera must never be 
tilted more than 3°. Strive to keep your tilt less 
than 2°. 

From your study of basic photography you know 
that if you photograph any subject at an angle in- 
stead of head-on, the nearer parts of the subject will 
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appear larger than those farther away from the lens. 
For example, you photograph a brick-paved street 
obliquely from an angle above the street, with your 
camera pointed along the rows of bricks. The far 
end of your negative will have many more rows of 
bricks included than the end of the scene nearest you. 
The bricks that were closest to the camera will appear 
larger. THE SCALE IS OBVIOUSLY DIFFERENT AT DIF- 
FERENT POINTS in the picture as the bricks are ac- 
tually of the same size. 

Suppose you then take a piece of chalk and outline 
on the street the shape of the area recorded by the 
camera. Although the camera plate is a rectangle, 
you actually photographed an area on the street which 
was trapezoidal. (A trapezoid is a plane figure with 
four straight sides only two of which are parallel.) 

If the aerial photograph is an absolute vertical, all 
details in it will be in their true relative proportion. 
However, as soon as the camera film plane is tilted 
from the horizontal so that the lens axis is no longer 
vertical, distortion commences. The more tilt or 
obliquity, the greater is the distortion. The non- 
parallel sides of the trapezoidal area converge more 
and more at the far end. 

A finished picture whose image contained that sort 
of distortion could not be used at all—or at best, not 
effectively—in an aerial map. That’s why the camera 
must not be tilted more than 3°—and why you should 
strive for 0°. 

What if you do slip over the line? Is a picture 
with a 4° tilt a total loss? Probably. It might be 
“saved” if you have a PROJECTION PRINTER. And if 
you have TIME to use it. 

If the angle of tilt is too great for satisfactory 
matching of prints, a correction can be made by a pro- 
jection printer which has a lens that can be tilted to 
compensate for the tilt of the taking camera. The 


183 


easel which holds the sensitized paper can be given 
a reverse tilt so that the final print will be a rectified 
one. This enlarges detail at one end of the negative 
and reduces detail at the other. The print thus is 
brought back into the same relative scale with the 
other prints in the strip. 

This is called “TRANSFORMING.” It provides for 
maintaining correct perspective qualities in the photo- 
graph by projecting the image into a plane not 
parallel to the plane of the negative. 

THIs I8 A TICKLISH AND TIME-CONSUMING METHOD 
of bringing a print into scale. Ir WILL NOT BE NECES- 
SARY IF THE PICTURES, IN THE FIRST PLACE, ARE 
TAKEN IN ACCORDANCE WITH THE FOLLOWING CON- 
DITIONS— 


With the camera lens pointing straight down 
toward the earth’s center, the optical axis of the 
lens being a true vertical (or within 2° thereof). 

With the airplane, and accordingly the camera, 
kept at a constant altitude during the whole course 
of the mapping flight. At 20,000 feet, a tolerance 
of plus or minus 400 feet is the very most that 
can be allowed. Much closer tolerance should be 
striven for. 

_ With the airplane kept in as near the true hori- 
zontal position as possible, kept stable, and never — 
banking. 

CORRECTING FOR CRAB 


How’s the wind up there? Is it smacking you side- 
ways? You and your pilot both need to be doing 
something about it. 

Wind which hits a plane at an angle causes side 
displacement which is called drift. Continued uncor- 
rected drift will throw the plane far off the true flight 
line. And that, of course, knocks your aerial mapping 
into a cocked hat. 
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The pilot, however, compensates for drift by an- 
gling or “crabbing” the plane toward the wind. The 
ship keeps on her desired course but her actual head- 
ing—the way her nose points—is a little to the wind- 
ward side. Your vertical camera, mounted in the 
plane, is consequently turned a little sideways too. 


Hes 


BN 


t 
tla 






. 





Figura 32—Diagram of drift and crabbing. 


And that will throw your pictures out of line when 
it comes time to assemble them into a map. 

You must correct the camera position for crab. 
Here’s the method. Look down through the view- 
finder and watch the image of the earth moving by. 
Revolve the finder so that the lines of motion observed . 
are exactly parallel with the fore-and-aft lines which 
are etched on the ground glass. The angle between the 
viewfinder and the fore-and-aft axis of the airplane 
may be read in degrees to the right or left as the case 
may be. (With the F-56 camera and mount, the view- 
finder is an integral part of the camera and mount so 
that the camera is automatically adjusted with the 
finder. ) | 

When thus compensated, you will be taking photo- 
graphs whose sides are parallel to the line of flight. 
Without this correction, each overlapping photo- 
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graph will be angled from the line of flight. Thus 
less of each picture will be available for mapping 
since the effective width and depth of the photographs 
would be correspondingly less and two adjacent strips 
might not fully cover the ground area intended. 

If you have corrected for crab while flying one 
strip, and the next run is in the opposite direction, _ 
you will have to reverse the orientation of your view- 
finder and camera. As a general rule, strips are flown 
the long way of the area. Small areas may be cov- 
ered by circling back and flying the second overlap- 
ping line in the same direction as the first. This 
allows all controls to be kept the same. On large 
areas, where time is important, the second strip will 
be flown in the opposite direction to the first.. Each 
succeeding run likewise reverses. 

If the plane completely loses thg flight line it is 
nearly always advisable to GO BACK AND BEGIN THE 
FLIGHT LINE ANEW rather than attempt to regain the 
line and then later find that the flight strips are in- 
complete. 

Sometimes you will feel that you have exposed a 
negative when you were a little too much off the flight 
line, or when the camera wasn’t quite corrected for 
crab, or when its tilt was a little too great. You 
. Should IMMEDIATELY WIND AND MANUALLY SHOOT 
ANOTHER EXPOSURE. That is a safety precaution and 
a double check on the doubtful one. 

Sudden checking of motion on the part of the pilot 
to correct his flight line can displace the fluid in the 
spirit level. In that case there may be some unwanted 
tilt even though the bubble is apparently centered. 

If there is any doubt about the accuracy of a flight 
strip, it should be rephotographed immediately while 
the error and location are in mind. To re-take the 
strip on another day will be difficult, probably impos- 
sible. The density and negative contrast may be 
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radically different and the matching of prints hope- 
less. 


One last word of caution. Your DARK SLIDE! 
Almost all aerial cameras have a dark slide. PULL 
IT OUT BEFORE YOU START TAKING PICTURES. Or 
rather, before you start “thinking you are taking 
pictures.”’ 


PREPARING THE MAP 


It’s JIG-SAW PUZZLE time now. 

You have finished your sky work and you have de- 
veloped and printed your pictures. But can you chalk 
up your assignment as completed? Oh, no! Not if 
your vertical photographs are to come under the Class 
A or Class B headings. In that case your pictures 
have to be assembled into a map. 

This job is something like piecing together a jig- 
saw puzzle. You must get every section in its proper 
place so that the finished product forms a large pic- 
ture without any gaps. In a way it’s as fascinating as 
a jig-saw puzzle—and, obviously, a great deal more 
important. 

Your prints are to be assembled and mounted. The 
mounting board is firm and smooth, made of wood or 
fibre material. The area of the board should be suf- 
ficient to accommodate the complete mosaic map. 

The center print of the group is generally chosen 
and pasted down first. Each adjoining print is trim-. 
med “feather edged” and pasted down in its proper 
relationship of overlap to the previous picture. 

To “FEATHER-EDGE” is to thin down the edge of the 
photograph so it will blend-more easily and with less 
print thickness at the joining edges. You do this by 
gently cutting the print from the picture side with a 
‘yazor blade just enough to penetrate the emulsion 
and perhaps a very slight bit into the paper base. Do 
NOT CUT COMPLETELY THROUGH THE PAPER. When 
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properly done, the paper base may be beveled off or 
peeled back from the cut edge toward the center of 
the back. of the print. This reduces the paper thick- 
ness under the photograph along the areas bordering 
the razor blade cutting line. The back of the print 
may be further thinned down in these areas by rub- 
bing with a medium grade of sandpaper. 

You will remember that errors and distortion 
caused by vertical displacement and tilt are much 
more pronounced in the parts of the print that are 
the farthest from the center. Since the center of the 
prints gives the truest version of the scene, you trim 
off with your razor blade and feather edge the outer 
edges of the photograph, thus using the accurate cen- 
tral part only. Care must be taken not to trim off too 
much around the print. You want to be sure of hav- 
ing the map covered with photographic detail with- 
out any open spaces through which the mount would 
show. 

Wipe off the dust and apply an adhesive. The 
print is then ready for mounting. When one print is 
firmly in place the next may be applied. Keep several 
dry prints matched together so that you can study the 
general appearance before you gum down the finished 
photographs. Be extremely careful of your registra- 
tion. You can work in all directions from the center 
print, gradually spreading out print by print until 
the whole area is covered. It is practically impossible 
to put down prints in rows, finishing the first row and 
then trying to match another row to the first, and 
SO On. 

When prints are all mounted, place straight strips 
of adhesive paper along the edges to mask off any 
rough edges of the map and to form frame borders 
around the mapped area. 

Neatly print the legend in a corner of the map, or 
on a white card affixed next to the map. This includes 
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names of photographer and pilot, altitude at which 
negatives were exposed, lens focal length, scale, date 
of flight, and an index as to geographical location and 
area limits of the terrain in the mosaic. Compass 
directions or at least north should be indicated. 

So much for the simplest method of making a map 
—a cLass A or uncontrolled field map—where speed 
is essential and photographic information is wanted 
quickly. 

In a Class B map, ground control is worked out 
and the relation of each photograph to its neighbors 
is accurately checked point by point through the 
radial line method of triangulation. That’s a big 
mouthful and as a matter of fact it is a complex busi- 
ness. Although you will seldom have to undertake 
this method, a general comprehension of it is useful. 

In making a Class B, or controlled mosaic map, 
MONTHS MIGHT BE NEEDED. 

First, accurate ground data must be obtained by 
utilizing prominent land marks such as houses or road 
intersections. Distances between these points and 
exact angles must be established. The points must be 
laid out accurately on the mount in the same scale as 
the vertical photographs before any work of actual 
assembly is begun. It is wise to have some of the con- 
trol points at opposite ends of the area so that the 
fullest degree of accuracy may be maintained. 

Assume the ground control points are definitely 
established on the mount, and the prints, when first 
assembled in their overlapping positions, have simi- 
lar points which do not coincide with those of the 
ground control. Something is wrong! 

A pin point stuck through the control point on the 
print should fall on the corresponding control point 
on the mount. By raising the print slightly, while 
holding one edge firm, you can look under the photo- 
graph. 
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See if the pin point protruding beneath the print 
is in the right spot to register the print with the 
charted data on the mount. If not, some of the error 
may be due to tilt of the camera when the pictures 
were taken. In that case, transformed prints from 
these particular negatives are needed. Some error 
may have been caused by variation in the plane’s alti- 
tude at the time of shooting. In that case there may 
be a proportionate error of scale distributed evenly 
all through the set of pictures. 


Often this discrepancy between the plotted ground 
control points on the mount and the corresponding 
points on the photograph may be adjusted. To do 
this you take up the extra play, or make up the extra 
distance, by offsetting each print a smal] amount be- 
vond its normal position when attaching it to the 
mount. This will extend the set or condense it. It 
will then occupy the predetermined positions, and its 
scale will correspond closely to the accurate ground 
scale. 

Occasionally, when a set of photographs may need 
a bit of stretching to make up a little distance on the 
controlled area, a wet paste is used. The prints may 
be stretched while damp. In that manner the dif- 
ference is distributed between the individual prints to 
make the corresponding ground control points of the 
print and the board coincide. A wet paste will cause 
about a 1 percent stretch of the photograph in all 
directions. 

Such a paste, and a handy one for most work, is 
made according to the following formula— 


Powdered Gum Arabic...........cceeeces 12 ounces 
W ACER. se eae ee oA ERR OS we 82 ounces 


When thoroughly dissolved, filter through several thick- 
nesses of cheese-cloth. Then add one-half ounce of Formalin 
(40 percent solution of Formaldehyde), which will act as a 
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preservative. Without the addition of Formalin the paste 
will turn sour and be unfit for use. 

For the most accurate assembling of the Class B 
mosaic, the “radial triangulation” method of check- 
ing points on photographs with their corresponding 
points on the ground control layout is used. This is a 
detailed, time-consuming job based on radial lines 
drawn from the principal point to about six control 
points on each photograph. The data is traced onto a 
master celluloid sheet. The intersections of the radial 
lines, from the principal points on the different photo- 
graphs, with their respective control points, form “tri- 
angles of error.” The center of each triangle estab- 
lishes the compromise point or most accurate point for 
the consecutive prints in question. 


PHOTOGRAPHING THE MAP 


The mosaic, when completed, may be copied with 
any good copying camera. Scale can be altered by 
reduction or enlargement, figured on the ratio of 
sizes between the paste-up and the projection printed 
copy. 

To prevent any distortion in the final copy of the 
map, great care must be taken to KEEP THE OPTICAL 
AXIS OF THE COPYING LENS AT RIGHT ANGLES TO THE 
PLANE OF THE ORIGINAL PASTE-UP. Also, THE PLANE 
OF THE COPY FILM MUST BE PARALLEL TO THE PLANE 
OF THE mosaic. Unless these two conditions exist, the 
copy negative will be distorted and the scale conse- 
quently thrown off. In the projection printing of the 
copy negative, the same points must be watched— 

. axis of lens perpendicular to the print easel, and 
negative and easel planes parallel. 

The larger the size of the copying film or plate, the 
more accurate and detailed will be the resulting print. 
If the prints that go into this map are flat, of low con- 
trast, an attempt should be made to correct the flat- 
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ness by increasing the contrast of the copy negative. 
This can be done easily. However, along with in- 
creasing the contrast of the map, this also will pick up 
all the imperfections of tone. At the same time it will 
pick up the texture of the paper and cause a conflict 
between the detail on the surface of the paper and the 
detail which is in the picture itself. 

By making the original prints of correct brilliance, 
the necessity for overdeveloping the copy negative 
will be avoided. In this way the detail on the surfaces 
of the print will be subordinated to the detail within 
the picture, which is the point of major importance. 
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CHAPTER 5 
STEREOSCOPY — DEPTH IN PICTURES 


WHAT A RELIEF! 


Close one eye. You still see “depth.” Whatever you 
are looking at still appears to have not only height 
and width but the third dimension too. 

Actually, however, you only THINK you see depth 
with one eye. It takes Two EYEs for you to visualize 
a ball as a sphere instead of a flat circle. You still 
say things don’t look flat to you with one eye? That’s 
because your brain is on the job. Vision with two eyes 
is such a habit that your memory has stored up an 1m- 
pression of the shape of objects. In a sense, your 
brain is “seeing” what your one closed eye doesn’t see. 

If, on the other hand, you had been blind in one 
eye since birth, you would never have seen depth. You 
would have LEARNED instinctively that foreground 
and background exist in all that you see. But actually 
your view of life would be strictly “flat.” 

The camera has only one “eye.” What it “sees”— 
and what it records on its film—has only length and 
breadth, no depth. The camera has no brain to help 
it out. It cannot supply the third dimension to any 
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INDIVIDUAL picture which it produces. Objects do not 
stand out in relief. 

The photographic reproduction of depth is the pur- 

pose of stereoscopy. 
It?s a neat trick. And you can do it! 

The sense of relief (thickness or depth) is obtained 
by the human eyes because they are separated by a 
normal distance of 65 millimeters or about 23% inches, 
measured from the pupil of one eye to the pupil of 
the other. Each eye registers a slightly different 
image of the object before it. The right eye tends to 
see around the right side and the left eye around the 
left, with the vision overlapping in the center. 

' The two images, due to separation of the eyes, are 
made at different angles. But they are fused into a 
single image by the action of the opticnerves. They are 
registered on the brain as a single image having solid- 
ity. This is known as binocular or two-eyed vision. 

TO GIVE DEPTH TO A PICTURE, THE ACTION OF THE 
EYES IS IMITATED. The eyes see two images. So is the 
STEREOPHOTOGRAPH two images. Two views of the 
same object are obtained. They are taken at points 65 
millimeters or 234 inches apart—the amount of sepa- 
ration of the human eyes. 

It can be done two ways. Two consecutive expos- 
ures can be made—identical except that the position 
of the lens for the second exposure is 2384 inches from 
the position for the first. Or a double-lens camera can 
be used, with the lenses 234 inches apart. Then the 
two exposures may be made at the same time. Such 
cameras are called sTEREOSCOPIC CAMERAS. 

The stereoscopic camera has “two eyes.” It records 
two images, just as your eyes do. But the camera has 
no optic nerves to fuse them into a single image. You 
have to do that for the camera. And you do it by 
looking at the two pictures through a STEREOSCOPE or 
through special viewers or glasses. 
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THE STEREOSCOPE 


Stereoscopy is not new. Chances are that when you 
were a child you looked at a pair of pictures in a 
gadget that made objects “stand out.” You felt as if 
you could reach right out and touch them. They were 
life-like. Your great-grandfather probably enjoyed 
the same phenomenon. 





Figure 33—-A Stereoscope. 

The “gadget” was a stereoscope. Not such an ad- 
vanced instrument as its present-day counterpart, but 
a stereoscope just the same. 

Two pictures are taken as already described—with 
a single-lens camera placed at different positions or 
with a double-lens camera simultaneously. They are 
properly placed and viewed through a stereoscope. 
The two pictures become one. 

Construction of this instrument is based on either 
of two general principles. One is the LENS TYPE, 
which employs a pair of lenses through which the 
double photograph is viewed. The other is the MIRROR 
OR TABLE TYPE, which employs a series of mirrors that 
so reflect the two views as to make them one. 
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With the mirror type, photographs may be viewed 
without the necessity of mounting or trimming them. 
You place the prints on the table in their proper posi- 
tions, right and left. You look through the top mir- 
rors. By moving the pictures toward or away from 

each other until the images converge, you receive the 
sensation of looking at a three-dimensional model of 
the subject. 


ANAGLYPHS—STEREOS IN COLOR 


A. variation of stereoscopy has been used as a mo- 
tion picture short subject “stunt.” In the theatre you 
are given a pair of spectacles with one eye-pieced red 
and the other blue. Look at the screen with naked 
eyes and you see a blur of red and blue. Put on the 
“glasses” and the picture becomes clear—with depth. 


Duck! It’s going to hit you! That’s the sensation 
you experience when an actor in the movie turns a 
stream of water toward you. It seems to leap right 
out of the screen and you can almost feel yourself 
getting wet. 


The movie “short” has supplied the realism of 
_ third-dimension by using the principle of the ana- 
GLYPH (pronounced “anna-gliff’’). Anaglyphs are 
stereophotographs reproduced by a photomechanical 
process using two images in color. The pictures, one 
red and one blue, are printed one over the other in- 
stead of being placed side-by-side. When the com- 
posite picture is viewed through glasses of the same 
colors, the left eye wearing the red filter sees only 
the blue image and the right eye using the blue filter 
sees only the red image. 

Anaglyphs have been used not only in motion pic- 
tures but in “stills” printed in books which are issued 
as novelties. '[wo-colored spectacles are supplied with 
the books. 
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AERIAL STEREOPHOTOGRAPHS 


A big enemy gun emplacement is spotted in an 
aerial photograph. It is in rugged country. But How 
rugged? What sort of terrain will our troops have to 
cross to wipe out the position? Relief—the sense of 
depth—can be extremely helpful here. 

In peacetime, too, three-dimensional aerial views 
can play a significant role. For example, the contour 
of hills and valleys often has much to do with the 
location of oil. An aerial mosaic map to be used for 
that purpose may be increased in value, under some 
circumstances, if the photographs reveal geographical 
relief. - 
Normal aerial photos do give some indication of 
depth. Differences in shadow and tone and perspec- 
tive will, in most instances, disclose at least whether 
the area is flat or hilly. But the information is pro- 
vided more thoroughly by aerial stereophotographs. 

The process is not in wide general use—not yet, 
anyway. But it has sufficient importance for the pres- 
ent and possibilities for the future that it will be well 
for you to have a “speaking acquaintance”’ with it. 

There is a limit to the stereoscopic effect of depth 
for any normal person using both eyes. Beyond a dis- 
tance of about 50 yards, objects seem to flatten out. 
To retain an illusion of depth in stereophotographs 
of distant objects, the separation between the lens 
positions for the two exposures must be increased in 
proportion to the distance from the scene. 

If the spread must be increased when the subject 
is a little over 50 yards away, you can get an idea of 
what is necessary when the subject is 600 to 6,000 
yards away, as it is when you are shooting pictures 
from a plane. 

It is impossible to take at the same instant two 
‘aerial verticals with the proper separation for good 
stereoscopic rendering. ‘The necessary distance 
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Figure 34—Diagram of an aerial stereogram. 


between the two views would be too great to be found 
within even a big plane, and the equipment required 
would be needlessly complicated. Hence, Two sEPa- 
RATE PHOTOGRAPHS ARE TAKEN BY THE SAME CAMERA 
AT DIFFERENT TIMES ALONG THE COURSE OF FLIGHT. 
This gives you two stereophotographs with enough 
separation to provide depth. You have time to change 
the film in the camera, cock the shutter, and shoot 
the next adjacent picture. 

How mucH TIME? You'll have to put on your 
mathematical thinking cap again. | 

The exact ground distance between exposures is 


198 


that which is equal to 234 inches on the film plane. 
This distance, and therefore the interval of time, may 
be calculated by using the standard formulas for 
scale. 

Remember, from Chapter 4 (Volume II), that 


or scale equals focal length of lens over 12 





_ #F 
12A 
times the altitude. With a 20-inch lens at 10,000 feet 
altitude, the scale is 20 over 120,000, or 1 over 6,000, 
or 1/6,000. So one inch on the film is equal to 6,000 
inches on the ground. 

The ground distance between exposures would be 
234 inches (the distance between the eyes) times 
6,000 inches, or 16,500 inches or 1,375 feet. 

What time interval will separate your pictures by 
1,375 feet of ground distance? Simple. Multiply your 
ground speed by the conversion factor 1.7 to obtain 
feet per second. Divide that into the number of 
ground feet between exposures. There is your expo- 
sure time interval. . 

Say your ground speed is 195 knots. Multiplying 
by 1.7 shows you are flying over 331.5 feet of ground 
per second. Your pair of pictures must be 1,375 feet 
apart. Divide 1,375 by 331.5 and you get 4+. You 
will shoot the pictures 4 seconds apart. 

How would you like an easier method of determin- 
ing the exposure between stereos? All right. Mark 
on the glass of your viewer two lines with a distance 
between them that would give you 2% inches on the 
image plane. Watch the image of some point move 
across the ground glass. The time it takes this point 
to travel the 234 inches will be the recommended in- 
terval to give your stereophotographs normal relief. 
Once the glass is marked your troubles are over as it 
will be used for all stereo work with that camera. 

Occasionally an exaggerated relief is- helpful—so 
hills will look steeper and depressions look deeper. 
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This is accomplished by taking the pictures at greater 
than normal distance apart. “HyPERSTEREOSCOPY”’ is 
the word given to this exaggeration of depth. It is 
not only permissible but valuable for analysis of aerial 
stereos. If the time interval between exposures is 
shortened, the appearance of relief may be reduced. 

Two prints composing a stereo pair need not be of 
the same tone and color. In fact, IT 18 OFTEN DESIR- 
ABLE TO HAVE THEM DIFFERENT—one to show the fine 
details in the shadows, the other to show the contrast 
or fine details in the highlights. 

Satisfactory stereo pairs may be made from any 
adjacent prints suitable for mosaic mapping. The 
usual 60 percent overlap gives you a very satisfactory 
exposure interval. 

If more stereos are needed of the same object, it is 
suggested that you assemble correctly one pair of 
prints, make a photographic one-to-one or “scale” 
copy of the assemblage, and then print the desired 
numbers of copies on double weight paper. 

Here’s how to ASSEMBLE PAIRS OF PRINTS. Place one 
on top of the other so that they overlap in the area 
common to each print, as when you are superimpos- 
ing control points in making a controlled mosaic map. 
Trim off the areas not common to both. If a lens-type 
stereoscope is to be used, the prints must next be 
fastened to a mount. When mounting, separate simi- 
lar points on the prints by the 234-inch interpupillary 
distance (between the pupils of the eyes). 

Place the two prints with the flight line parallel to 
the bottom edge of the viewer. The way to do it is 
this—establish the flight line as a line Joining the 
principal points, or geometric centers, of the two 
prints when they are overlapping and registered so 
that common points are superimposed. 

Oblique stereophotographs may also be made. 
Greater care must be taken, however, to keep the cor- 
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rect exposure interval. The reason is that obliques 
are usually taken closer to the ground, where the in- 
terval is necessarily shorter. When flying at a very 
low altitude, the interval is such a short time that it is 
mechanically difficult to wind a new film into place in 
time to shoot the second picture. 


THE VECTOGRAPH 


Now to take some new bearings. 

A new course can be plotted to take you to the 
same destination. That is to say there’s another way, 
quite different from the one you have been studying, 
to create a photographic reproduction of depth. 

It’s the VECTOGRAPH way. 

Up to now, you have been learning the method of 
properly photographing and properly placing a pair 
of pictures side by side. There was one exception— 
the anaglyph, in which the two pictures in two differ- 
ent colors were placed one on top of the other. 

The Vectograph effect is essentially the same in 
black-and-white as the anaglyph is in colors. 

A VECTOGRAPH IS A THREE-DIMENSIONAL PICTURE 
IN THE FORM OF A SINGLE PRINT. 

The two images are superimposed. One is printed 
on the front side of a transparent base, the other on 
the back side. You see both at once. They are almost, 
but not quite, over one another. Viewed by the naked 
eye, therefore, the combined picture would be blurred, 
like the red-and-blue anaglyph. 

Hence an observer must look at a Vectograph 
through a pair of three-dimensional picture viewers. 
Instead of red-and-blue lenses this viewer has Pola- 
roid lenses. The left eye lens cuts out the right eye 
picture and vice versa. In this sense Polaroid operates 
somewhat on the color-filter idea but without colors. 

This gives the Vectograph an advantage in cer- 
tain circumstances over two prints mounted side-by- 
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This image appears in full contrast to Right Eye 
... invisible to the Left Eye 


This image appears in full contrast to Left Eye 
.. invisible to the Right Eye 


Figure 35—The principle of viewing Vectographs. 


side. Several persons, each wearing Polaroid glasses, 
can view Vectographs at one time—as when a group 
of officers are studying an aerial picture-map. The 
viewers, moreover, are smaller and handier than 
stereoscopes. 

However, the ‘“two-in-one” method (Vectograph) 
and the “two-by-two” method (side by side) are 
equally effective in creating depth in photographs. 
Which method is used depends mainly on which kind 
of viewing apparatus is available—stereoscope or 
Polaroid glasses. 

Vectograph creates the illusion of depth by chang- 
ing the polarization of the light passing through the 
images. 

Light wave vibrations occur in all crosswise direc- 
tions, as you learned in the Pola-Screen discussion in 
Volume I, Chapter 17. On one side of the Vecto- 
graph film, the image polarizes light in one direction. 
On the other side, the image polarizes light at right 
angles to this direction. 

The viewing spectacles have their polarizing lenses 
similarly arranged, with the axis of one lens at right 
angles to that of the other. Thus only one of the two 
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Vectograph images is visible to each eye, while the 
other remains invisible. 

Through the viewers, one eye sees the image on one 
surface of the Vectograph film. The other eye sees 
the image on the other surface. The brain fuses the 
two into a single three-dimensional impression. 

Vectographs may be prepared in three forms— 

REFLECTION TYPE, similar in general appearance to 
ordinary paper photographic prints. 

TRANSPARENCIES, for direct viewing against a light 
source. 

LANTERN SLIDES, for projection on a metallic-sur- 
face screen. 


HOW TO MAKE VECTOGRAPHS 


The de luxe sandwich on today’s menu is the Vecto- 
graph special. You won’t find it very tasty, but it’s 
fun to whip up. 

A. Vectograph is made like a “ham on rye.” The 
pieces of bread are two relief films—the right-eye and 
the left-eye images. The meat in the center is the 
Vectograph film—the transparent base. 

Your sandwich-making equipment is contained in 
Vectograph Kit 18-V-137 (as numbered in the 
Navy’s Standard Photographic Stock List, revised 
April 1943). The kit, by the way, costs about $1,350. 
Replenishment materials only are contained in Vecto- 
graph Kit 18-V-138. It is used when the materials 
in the 137 kit are exhausted. 

Average processing time for producing a Vecto- 
graph is about 30 minutes, from the start of the proc- 
ess to the first complete print. Succeeding prints 
can be produced rapidly. 

Producing a Vectograph is no “cinch.” That’s why 
extensive step-by-step instructions will be given to 
you now. You should be aware that you can’t learn 
how to make Vectographs soLE.y by reading the fol- 
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lowing information, so don’t worry if some of it goes 
over your head. When you are all set to try the proc- 
ess, open your manual again to this page and start 
following the play-by-play account. 


| | | EXPOSURE LIGHT | 


ASH-OFF RELIEF FILM 


EXPOSURE. Varying amounts of light transmitted through the light and dark 
areas of a stereo negative create latent image of varying depth in dyed relief 
film emulsion. 
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WASH-OFF RELIEF FILM BASE 


DEVELOPMENT. Where latent image is developed the surrounding gelatin 
of emulsion is hardened by tanning developer. 





WASH-OFF RELIEF FILM BASE 


WASH-OFF. Unhardened gelatin washes off, leaving relief image which soaks 
up varying quantities of printing solution. 
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VECTOGRAPH PRINTING. Varying densities of Vectograph image set up by 
solution transferred from relief image to one side of Vectograph film. Similar 
image of the other negative is set up on the other side of Vectograph film. 


Figure 36—The Vectograph process. | 


MAKING RELIEF FILMS 


First you determine shadow direction (in aerial 
vertical negatives only). To do this, thread the nega- 
tives, shiny side toward the eye, through the guide 
rolls of the spool holder of the roll film printer. Turn 
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on the inspection light (lower switch key) and deter- 
mine by inspection the direction in which shadows are 
cast by trees, buildings or other ground features. If 
necessary, remove the spool holder and turn it end- 
for-end in order to make the shadows fall either 
toward the bottom edge or toward the sides. In the 
negatives, shadows appear light (as indicated by the 
arrows in figure 37). 





Figure 37. 


Identify right-eye and left-eye negatives. With the 
shiny side toward the eye, examine the negatives to 
determine which should be called the right-eye nega- 
tive and which is to be called the left. Here is how 
you tell— 

In vertical aerial negatives, determine the image 
area which appears in both negatives. The right-eye 
negative is the one in which the excess area appears 
on the right of this overlap area. The left-eye negative 
is the adjoining negative in the roll in which the excess 
area lies to the left of the overlap area. (See figure 
38.) 

In oblique aerial negatives, view the negative so the 
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foreground appears at the bottom, shiny side up. 
Measure the distance from the right-hand margin of 
the negatives to any common point lying in the over- 
lap area in the foreground. The right-eye negative 
is the one in which this distance is greater. The left- 
eye is the one in which the distance is less. (See figure 
39.) 

In ground negatives, cut the negatives apart and 
place one over the other, shiny sides toward the eye. 





Left eye Nevaive 7 Right eye Negative 4 





Figure 38. 


Superimpose the images of any object in the fore- 
ground. The right-eye negative is the one in which 
background objects are displaced to the right. The 
left-eye negative is the one in which background 
objects are displaced to the left. 

In figure 40, the lower arrow indicates a fore- 
ground object superimposed. The upper arrows indi- 
cate the displacement, so that the white arrow shows 
the left-eye negative. 

Make an exposure test on the relief film. Select the 
darkest area in the negative in which you wish to hold 
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Figure 39. 


highlight detail. Center the projection print scale 
over this highlight area. (See figure 41.) 

Hold the scale to the negative with a piece of ad- 
hesive tape. Turn off inspection light in the roll film 
printer (lower switch). Insert a sheet of washoff re- 
lief film under the negative with its shiny side toward 
the negative and emulsion side away (exactly con- 
trary to correct practice in handling ordinary film). 
Latch the pressure plate of the roll film printer. Ex- 
pose (upper switch key) for 1 minute. Remove the 
relief film. Attach a photographic clip to the center 
of one end. | 

Develop for 114 minutes. Wash off in washoff bath 
for 40 seconds, agitating vigorously. Rinse. 

Determine the correct exposure by holding the text 
relief film toward a bright light souree—bulb or win- 
dow. Look through the test piece toward a dark back- 
ground. (See figure 42.) 

In this position the gelatin on the relief film will 
appear as a milky veil or haze. Where the gelatin is 
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thickest the veil will appear whitest. Where it is thin- 
nest, the background will show through and the chart 
will appear dark. Choose the segment of the chart 
which retains, over the center highlight area, a smooth, 
‘unbroken film of whitish gelatin. Certain highlight 
areas, such as shining highways, streams or lakes with 
cloud reflections, and roof tops (in which detail is not 
essential) may appear clear of gelatin in. the correctly: 
exposed section of the chart. (See figure 43.) 

In working with extremely flat negatives lacking 
in contrast, choose a segment of the chart in which 
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the highlight area carries an unbroken but very thin 
veil of gelatin. AVoID OVEREXPOSURE. In working 
with very contrasty negatives, choose a segment in 
which the highlight area carries a heavier veil of gela- 
tin. AVOID UNDEREX POSURE. 

Read correct exposure to be used in making relief 
films from the number appearing in the small circle 
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Figure 43. 


in the sector of the test piece you have chosen. This. 
number indicates the number of seconds to be used. 
If the negative should be very dense, one minute 
may not be sufficient time to indicate the correct ex- 
posure within the range of the exposure scale. Then 
longer time should be given. If, for example, 3 min- 
utes’ exposure were necessary to obtain a reading, 


210 


then the selected section of the exposure chart must 
be multiplied by three. 

Nore. If many reliefs are to be made from nega- 
tives requiring extra long exposures, a bulb of higher 
wattage should be used. Care must be exercised, how- 
ever, not to fog sensitive materials which are not pro- 
tected against this brighter light. 


EXPOSING RELIEF FILMS 


For vertical Vectographs, that is, pictures in which 
the Vectograph print is to be held vertically in view- 
ing (short side up), proceed as follows— 

Turn the shiny side of the right-eye negative to- 
ward the exposure light. Insert a piece of washoff re- 
lief film and expose through the base for the time 
decided upon by use of the chart. Turn the spool 
holder over, front to back, so that the left-eye nega- 
tive is turned with its emulsion side toward the expo- 
sure light. Insert washoff relief film, shiny side 
toward the exposure light, and expose for the same 
number of seconds. 

For horizontal Vectographs, that is, pictures in 
which the final Vectograph print will be held horizon- 
tally for viewing (long side at the top), proceed as 
follows— | 

Turn the shiny side of the left-eye negative toward 
the exposure light. Insert the washoff relief film and 
expose. Turn the spool holder over, front to back, so 
that the right-eye negative is turned with its emulsion 
side toward the exposure light. Insert washoff relief 
film, and expose. 

Warnina. Always place the washoff relief film in 
the printer with the shiny side toward the exposure 
light and with the emulsion side away. 

For enlargements, follow the same instructions in 
arranging right and left-eye negatives in the negative 
carrier. 
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Figure 44. 


In printing 9 x 9 inch aerial negatives on 8 x 10 inch 
relief film, make sure that the relief film covers the 
entire left-hand side of the right-eye negatives, and 
the entire right-hand side of the left-eye negatives. 

While making the exposure, dodge aerial negatives 
in which the center of the negative is noticeably 
darker than the corners. Do this by holding a piece of 
cardboard with a two-inch hole about half way be- 
tween the exposure light and the negative. Keep the 
cardboard in motion. The corners of many negatives 
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should be shielded from the exposure light during 
two-thirds or three-fourths of the exposure. (See 
figure 44.) 


MARKING THE FILMS 


_As soon as the exposure has been made, remove the 
relief film from the printer. With grease pencil write 
the negative number and the letter # (for right eye) 
or L (for left eye) in the center of the shiny side of 
the relief film. ~ 

DEVELOPING THE FILMS 


Attach a photographic clip to the center of the 
short edge of the relief film. Place it in the tray of 
developer, shiny side toward the bottom of the tray. 
Agitate it vigorously and continuously for 144 min- 
utes. (See figure 45.) If a tank is used for develop- 
ing, agitate the film up, down and sideways in the 
tank. 

Rinse off excess developer for a second or two in 
water or the usual acid short-stop bath. 





Figure 45, 
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Wash off by agitating vigorously, shiny side down, 
in the tray of washoff bath. Continue agitation until 
all the whitish-yellow color of the relief has disap- 
peared and all unexposed parts of the film appear 
perfectly clear when the film is held against the safe- 
light. Washing off should be complete in about 45 
seconds. Disregard black debris in the washoff bath. 

Rinse reliefs for at least 10 seconds in clear water. 
If running water is available, turn a tray bottom up, 
place the relief shiny side down on the bottom of the 
tray, and allow the water to fall directly over the re- 
lief. Rub the relief surface gently with the palm of 
the hand. If running water is not available, use two 
trays. Agitate films vigorously in one, then the next. 
Replace water frequently. 

After rinsing, inspect the reliefs to see that all 
streamers of syrupy gelatin have disappeared. If they 
have not, agitate the film again in the washotf bath 
and rinse again. 

As reliefs are completed, clip each pair, emulsion 
sides together, and place in the bottom of a tray full 
of water. Do not allow the sharp edge or corner of 
one relief film to touch the gelatin surface of another 
film. 


REGISTERING THE FILMS 


Where the final Vectograph print is to be viewed 
vertically—that is, with the short edge of the Vecto- 
graph film at the top—register relief films with right- 
eye relief toward you and shiny side front. Where the 
final Vectograph print is to be viewed horizontally— 
that is, with long edge.of the Vectograph film at the 
top—register relief films with left-eye relief toward 
you and shiny side front. 

AERIAL VERTICAL VECTOGRAPHS. Hold up the relief 
films side by side. Examine the images and decide 
where the overlap area occurs in each image. Bring 
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the emulsion sides of the films together. Grip the pair 
at the top so that two images of the same ground fea- 
ture, such as a river or a highway, appear as one. (See 
figure 46.) 

Displace the near (right-eye) relief film directly to 
the right. If the terrain is flat, move it to the right 
about 1% inch. If the terrain is mountainous, move it 
to the right so that the displacement in the valley bot- 
toms is approximately 34 inch. 





Figure 46. 


Holding the films in this position, examine corre- 
sponding objects at the left-hand and at the right- 
hand edges of the overlapping area about half way 
down this area. Make sure that if lines were drawn 
through these corresponding objects in the right- and 
left-eye images, the lines would be accurately hori- 
zontal (parallel) to the top and bottom edges of the 
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reliefs. (For correct registration, see figure 47. In- 
correct, see figure 48.) 

Hold the films in this adjustment. With photo- 
graphic clips secure the bottom edges of the films, one 
at the right and one at the left corner of the overlap. 


Figure 47. 


AFRIAL OBLIQUE VECTOGRAPHS. Bring the emulsion 
sides of the two relief films together, foreground at 
the bottom. Superimpose the two images of each of 
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two objects in the picture, one at each side, and about 
1/3 of the way from the bottom. 


Make slight adjustments, if necessary, so that if 
lines were drawn through corresponding objects in 
the two relief films, across the middle of the picture, 





Figure 48. 


these lines would be accurately horizontal and par- 
allel to the top and bottom edges of the reliefs. 


Examine the distance between identical objects in 
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the background at the top of the picture. If this dis- 
tance is 38° or less, attach clips at the right-hand 
corner. If the distance is greater, reduce it to 34” by 
sliding the films directly sideways so that correspond- 
ing objects are correctly displaced. Attach clips op- 
posite the end to be hinged. (Hinging will be ex- 
plained shortly.) 

GROUND VECTOGRAPHS (non-aerial subjects). Ar- 
range the relief films with their emulsion sides to- 
gether, foreground at the bottom. Superimpose the 
images of the nearest object in the foreground. 

Adjust the relief films so that if a line were drawn 
through various corresponding objects in the right- 
and left-eye images, these lines would be accurately 
parallel to the top and bottom edges of the film (simi- | 
larly to the aerial vertical objects in figure 47). If 
the images of the farthest object in the background 
are then displaced by the more than 38", reduce the 
separation to 3%” by sliding the films directly side- 
ways. Attach clips opposite the end to be hinged. 

LANTERN SLIDES. Proceed as for aerial vertical 
Vectographs (page 205), except reduce the separa- 
tion of background objects so that the right-eye image 
of any object is never more than 1° to the right of 
-the left-eye image of the same object. Use special 
care to see that films being registered for lantern 
slides are adjusted so that if lines were drawn through 
corresponding objects in the left- and right-eye 
images across the center of.:the slide area these lines 
would be accurately horizontal (parallel to the top 
and bottom edges of the reliefs). Because of the tip 
and tilt distortions in aerial views, the films may have 
to be registered several times, one for each different 
slide, if the slides are being made for several different 
parts of the same set of reliefs. If this is the case, re- 
lief films may be registered once, Vectographs made, 
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and the films then re-registered for other parts of 
the area. 


PREPARATION FOR PRINTING 


Hold relief films in correct viewing position. If the 
Vectograph is to be viewed vertically (short side at 





Figure 49. 


the top), hinge at the top. If the Vectograph is to be 
viewed horizontally (long side at the top), hinge 
along left edge. Place the films on a trimming board. 
Trim off the edges of both films, where they are to be 
hinged, enough to make both edges even. While trim- 
ming, hold the films firmly with the palm of the hand 
to prevent slipping. (See figure 49.) Lay the films 
down with the top edges on a paper or cloth towel. 
Wipe edges thoroughly dry. 

If hinge material is supplied in the form of a roll 
of waterproof adhesive tape, tear off four strips 
about 1” longer than the width of the overlap area. 
Apply two layers of tape, without stretching them, to 
each side along the short edge, allowing the tape to 
extend 14” beyond the films. (See figure 50.) 

If prepared hinges are available, follow the instruc- 
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tions appearing on the box. Be sure to have the hinge 
well opened when placing the dried edges of the 
relief films into the V of the hinge. The edges of the 
films should touch the fiber core of the hinge. 





Figure 50. 


Trim off excess film on either side of the overlap 
area. This operation also trims the excess hinge.. 
Leave narrow margins. Do not trim the bottom edges 
even. Leave one relief slightly longer than the other. 

Punch identification and drainage holes. For verti- 
cal pictures (aerials and all pictures in which the final 
Vectograph print is to be viewed short side at the 
top), punch a hole in the upper right-hand corner 
through the taped portion of the right-eye relief. 
(See figure 51.) 

For horizontal pictures, (all pictures in which the 
final Vectograph is to be viewed long side at the top) 
hold reliefs as the picture is to be viewed, then punch 
the identification hole in the upper right-hand corner 
of the left-eye relief. 

Punch two drainage holes through the hinge, cen- 
tered on the fold of the hinge. (See figure 51.) 

Rinse the hinged relief films under running water 
or agitate them in a tray of clear water, removing dirt 
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Figure 51, 


specks and slime. Rub the gelatin surfaces with the 
palm of the hand, taking care to avoid scratching 
with the finger nails. 

Attach a clip to the bottom edge of one of the films 
and put the films in the bleach bath. Lift the top film 
up and down for approximately 45 seconds or until 
the dark silver image has disappeared and the image 
appears a clear orange. (See figure 52.) 





Figure 52. 
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Rinse. Use fresh water which has not been used 
previously for rinsing after the washoff bath. 


MAKING THE VECTOGRAPH PRINT 
Fold the hinged relief films over the tank rod, tak- 


ing care not to scratch the inner surfaces of the re- 
liefs. (See figure 53.) Place the film and rod in a tank 
of printing solution. See that the two surfaces of the 
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hinged relief film are separated. For the first print, 
soak in the tank of printing solution at least 2 min- 
utes. For succeeding prints, soak at least 30 seconds. 

Now you are ready to make yourself a “sandwich.” 
You will roll the Vectograph film between the relief 
films. Here’s how. Lift the relief film out of the 
printing solution, allowing it to drain for a second. 
Turn the handle of the printing rolls up toward you 
at an angle of about 45 degrees. Set the relief film 
hinge in the V of the rolls. Dry the hands. Grasp 
the Vectograph film firmly between the thumbs and 
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forefingers, with the short edges at the top and bot- 
tom, about two inches from the bottom on both sides. 
Hold the bottom of the Vectograph film securely in 
the V of the relief films. Start the rolls with the fore- 
arm. Once the Vectograph film is caught, continue 
turning the Vectograph roll smoothly without stop- 
ping. (See figure 54.) 

Nore. If Vectograph film is forced too hard 
against the hinge before it starts through the rolls it 
causes the hinge to buckle, resulting in vertical dis- 
placement. 

Nore. If the Vectograph film has been cut to a 
smaller size, make sure that it is fed between the rolls 
starting with an edge that was parallel to the shorter 
side in the original sheet. 

Allow the sandwich to stay in contact for 1 minute. 
While the Vectograph is printing, do not handle the 
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Figure 54. 


sandwich except by the edges. Finger pressure may 
cause stains. Remove drops of solution from outside 
surfaces with towel or squeegee. 
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Holding the Vectograph film by the bottom edge, 
strip off the relief films. Place the Vectograph in a 
drying rack. Return the relief films to the tank. 

Examine the Vectograph print for density. At this 
state, the Vectograph print should be much darker 
than the finished print is to be. The density of the 
print is controlled by the thickness of the relief films 
and the strength of the printing solution. 

As a guide for choosing the correct printing solu- 
tion for any pair of relief films, follow the specimen 
“Vectograph—Before Fixing” which is enclosed in 
the “IMPORTANT INSTRUCTIONS” envelope provided 
with the original outfit. Choose a solution which pro- 
duces a print of approximately the same density as 
the specimen. 

For Vectograph lantern slides, choose a printing 
solution which produces a print even darker than the 
specimen. Proper control of the printing solution at 
higher temperatures will be outlined later. 

Place the Vectograph print in the tray of fixing 
solution until it has the desired density. (See figure 
55.) 





For reflection prints, while the print is fixing, ex- 
amine it by removing it, squeegeeing it and holding 
it against the back of a print which has already been 
coated with aluminum pigment. Buckle the two to- 
gether to obtain good contact, and inspect through 
three-dimensional viewers. Return the print to the 
fixing bath if it is still too dark. (See figure 55.) 

For lantern slides, remove the print from the fixing 
bath, squeegee it, and inspect for density against the 
inspection light. 

To assure permanence of the print, fix it for at 
least 45 seconds. If the print becomes too light in 
45 seconds, choose a stronger solution for the next 
print. If the print requires fixing for longer than 3 
minutes, choose a weaker printing solution for the 
next print. 

When the print has reached the desired density, 
remove it from the bath and remove all traces of 
fixing solution from its surface by passing it through 
the squeegee. Repeat the squeegee operation if neces- 
sary. Streaks of fixing solution will leave yellow 
streaks on the print. (See figure 56.) 





Figure 56. 
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After squeegeeing, hang the Vectograph on a line 
with a clip to dry, or set in an improvised rack made 
from a board. (See figure 57.) 

Allow the Vectograph print to dry until it no 
longer feels tacky when touched with the knuckles. 

For reflection prints, turn the Vectograph print 
so that the front identification punch mark appears 
in the upper right-hand corner. In that position. the 
image corresponds left-and-right, top-and-bottom 
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with the image appearing in the original negatives 
viewed shiny side to the eye. | 

Paint the front surface of the print, so held, with 
Polaroid Lacquer No. 676. Use a 2-inch camel’s hair 
brush, well charged. Flow on smoothly. Avoid re- 
stroking. 

Allow to dry flat for a few seconds. Then brush 
the back surface with Polaroid Aluminum Pigment 
No. 689, mixed according to the instructions on the 
can. The Vectograph print may be handled after five 
minutes’ drying in dry air. (See figure 58.) Allow 
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to dry in a flat position for a few seconds before 
standing on edge in the drying rack. Too much pig- 
ment will run. Too little will allow light to show 
through the Vectograph. 

For Vectograph transparencies, paint both surfaces 
with clear lacquer. 

Do not lacquer lantern slide Vectographs. 

Trim off all excess area including the portion of 
the print stained by the hinge. Wear Polaroid viewers 
while trimming. _ 

With grease pencil, write the word ToP on the top 
edge of aerial vertical Vectographs. 

For Vectograph lantern slides, lay a cover glass 
down on the print and trace around the area chosen 
for the slide, placing the long edges of the glass 
parallel to the top edges of the print. Cut out the 
area. Place it on a cover glass and turn it so that it 
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appears correctly when it is viewed through viewers. 
Place a mask over the print with the printed circles 
on the mask in the lower left-hand corner. Lay the 
top cover glass on top and bind the edges with bind- 
ing tape. 


RECONNAISSANCE STRIPS AND MOSAICS 


_ Very large areas can be reproduced in three dimen- 

sions. The assembly of paper prints for reconnais- 
sance strips or mosaics requires little more time than 
is necessary to make a rough lay-down. First, a right- 
eye assembly is laid and photographed. Then it is 
reversed to form a left-eye assembly which is also 
photographed. Vectographs may then be made from 
the copy negatives according to standard procedure, 
in any of the following forms— 

The entire area in a single Vectograph print, which 
may be duplicated rapidly. 

The entire area in the lantern slide form, to be 
projected for group viewing. 

Sectional enlargement of any area, or joined Vec- 
tographs reproducing the area in enlarged form. 

You may use any aerial vertical photographic 
prints suitable for making the customary two-dimen- 
sional strips or mosaics. There should be an overlap 
within each strip of at least 50 percent and a side - 
overlap between strips of from 10 percent to 60. per- 
cent. The wide spread in side overlap is permissible 
because the third dimension can be rendered satisfac- 
torily as long as the overlap is anywhere within that 
range. 

Materials required are—mounting board, scotch 
masking tape, razor blade and/or trimming board, 
section of glass large enough to cover mosaic, photo- 
copying equipment, Vectograph equipment. (If 
glass is not available, wet prints may be used.) The 
method is described on pages 233 to 236, — 
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RECONNAISSANCE STRIPS 


Arrange the prints in pictorial order, with shadows 
pointing down or to the sides. Number them con- 
secutively from left to right on back of prints. 

Remove all odd-numbered prints from the series. 
Match roughly the ground objects in the narrow 
overlap area of odd-numbered prints and tape them 





Cutting Lines 
Figure 59. 





Cutting Lines 
Figure 60. 
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to each other. (See figure 59.) Proceed similarly with 
all even-numbered prints. (See figure 60.) 

Cut through the approximate centers of overlap 
areas of both odd-numbered and even-numbered 
strips, using a trimming board or a razor blade and 
a ruler or other straightedge. (See figs. 59, 60.) Re- 
move tape and discard trimmings. For final assembly 
of the right-eye view, place print #1, face up, near 
the ‘left-hand side of the mounting board. Tape 
securely to the mounting board along the right-hand. 
edge with two pieces of masking tape. 

Overlap print #2 on print #1 to secure the best 
average matching of ground detail throughout the 
entire overlap area, not merely along over-lap edges. 
Tape the right-hand edge of the. print to the mount- 
ing board. Proceed similarly with all remaining 
prints of the strip. Secure each print so that there 
is no danger of shifting its position. (See figure 61.) 
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Right Eye View 
Figure 61. 


Now you are ready to photograph the right-eye 
assembly. Mark “R” for right eye within the area 
to be photographed. While photographing, hold the 
paper prints flat on the mounting board by placing 
a piece of glass over the assembly. LEAVE THE CAMERA 
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IN POSITION until the left-eye assembly has also been 
photographed. If glass is not obtainable, use trans- 
parent cellulose tape to hold down the prints or follow 
the wet-print method. 
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Turn and Tape 


Figure 62. 


Reverse the assembly for the left-eye view. Make 
certain that all tape hinges are firmly placed. While 
turning prints over on their hinges be careful not to 
loosen tape. 

Return the assembly to the work table. Starting 
with the extreme right-hand print, #6, turn each 
print over to the right (on the tape hinges) so that 
all prints of the strip are exposed, back up, except 
the last print, #1. (See figure 62.) Tape the left- 
hand edge of print #1 to the board. (See figure 63.) 


FIRST: Add Tape SECOND: Remove Tape 
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Prints Turned Face Down 
THIRD: Turn 


Figure 63. 

Remove tape from the right-hand edge of print #1 
and turn it over to the left on the new tape hinge. 
(See figure 63.) Proceed similarly with all remain- 
ing prints of the strip. (See figure 64. ) 

Starting with the extreme right-hand print, hinge 
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all prints over to the right. The left-eye view is now 
assembled face up. (See figure 65.) With the camera 
in exactly the same position as for the right-eye view, 
photograph the left-eye assembly Marx L for left 
eye, within the area to be photographed. 

Make relief films. Punch identification mark, 
bleach and rinse, print, fix and finish. Follow the 
standard Vectograph procedure as described on pages 
204 to 228. | 

Nore. Reconnaissance strips made from paper 
print assemblies are usually viewed horizontally in 
final Vectograph form. It is important to expose 
relief films and register relief films according to 
whether the final Vectograph is to be viewed horjzon- 


tally or vertically. 
MOSAICS 


Make the preliminary assembly and number the 
prints as for reconnaissance strips. When numbering 


FIRST. Add Tape SECOND: Remove Tape 
| \\\ 
= 
f . 
f : 
THIRD: Turn 
Figure 64. 





Left Eye View 


( All Prints Face Up ) 
Figure 65. 
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prints, also mark a letter for strip identification—A 
for prints of first strip, B for prints of second strip, 
etc. Assemble and tape together odd-numbered and 
even-numbered prints of each strip individually. 
Determine roughly the side-overlap of strip 4 on 
strip B. Cut away excess side-overlap area to reduce 
side-overlap to about 1 inch. This is a rough pre- 
liminary trim to permit easier final side-overlapping. 
Trim individual prints by cutting through the over- 


FIRST: Roll Back . 
Last Print 


Do Not Lift 
From Underlying Print / 
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Do Not Lift 
From Board 





SECOND: Roll Back 
Next To Last Print 


Figure 66. 


5 iE | 
4 
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| \\\ 
\\A Squeegee Down Smoothly 
in Direction Of Arrows 


Figure 67. 
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Jap areas within each strip as for reconnaissance 
strips. 

Now make the final assembly of the right-eye view. 
Lay the prints of both strips simultaneously (if two 
strips only) to secure best average. matching of 
ground detail within the strips, together with best 
side-overlap matching of ground detail. Assemble as 
before. If more than two strips are included in the 
mosaic, lay the center strip first. 

Place a straightedge horizontally along the center 
of the side-overlap area between strips. Cut across 
and through all side-overlapping prints with a razor 
blade. 

Remove trimmings and photograph the right-eye 
assembly. Reverse the prints and photograph the 
left-eye assembly. 

Make relief films, punch identification mark, bleach 
and rinse, print, fix and fmish. Follow standard Vec- 
tograph procedure. 

Nore. Mosaics are viewed either horizontally or 
vertically depending on whether the flight line is 
across the long side or the short side of the Vecto- 
graph film. Expose relief films and register relief 
films according to the instructions which apply. 


WET-PRINT METHOD 


The wet-print method of assembling a Vectograph 
reconnaissance strip or mosaic is a rapid one. It is 
particularly useful when no glass is available large 
enough to cover the assembly during the making of 
copy negatives. 

Arrange prints in order, number them, make pre- 
liminary assemblies of odd-numbered and even-num- 
bered prints. Trim excess area from right and left 
and restack all prints in correct order. 

Before assembly, soak the paper prints in clean 
water. Then assemble as illustrated in figure 61, 
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Squeegee Down Smoothly 
in Direction Of Arrows 
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FIRST: Roll Back Next 
To Last Print 


Do Not Disturb 
This Half Of Prints 


SECOND: Roll Back 
This Print 


Figure 68. 


using no tape. Press each print firmly and smoothly 
in place with a hand squeegee. Use a waterproof 
mounting board. Keep the prints thoroughly wet 
with a sponge. Photograph the right-eye assembly. 
No glass or other device is required to keep the prints 
flat, but they must be thoroughly soaked. 

In reversing the prints, commence with the extreme 
right-hand print. Roll back each print in order, then 
return it to position as indicated in figures 66 to 68 
inclusive. Photograph the left-eye assembly. 
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Ground Objects in Left-Eye Image, 





Tracing Paper. 
Ground Objects In Left-Eye Image: 
Broken Lines Show Left-Eye Image. 


Heavy Lines Show Numbered Grid Sections. 
Figure 69. 


Norte. Use plenty of water to permit easy move- 
ment of the prints during assembly. Wet down thor- 
oughly before photographing or keep covered with 
a wet towel. Sponge off surface moisture just before 
photographing. 


MULTIPLE PRINT ENLARGEMENTS 
A special procedure is followed in making Vecto- 
graph enlargements which are too big to be accom- 


modated on a single sheet of Vectograph film. Deter- 
mine how all Vectograph prints are to be joined 
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(either long side at the top, or short side at the top, 
not a mixture of the two methods) in planning final 
dimensions. 


Place one of the negatives in the negative holder 
and project the image on the easel to the required 
size. Determine which negative is to be reversed to 
the exposure light. (As explained under “Exposing 
Relief Films” .on pages 211 and 212.) 

Cover the image with a piece of tracing paper and 
tape to the easel. Draw a grid over the image on the 
tracing paper so that each grid section is at least 
1 inch shorter, both dimensions, than the size of the 
individual Vectograph films to be used. Mark in a 
few ground objects near the corners of the grid. Num- 
ber each grid section. Figure 69 represents a left- 
eye image, to be viewed horizontally on nine 6” x 10” 
Vectograph films. 

Place the pieces of relief film over the grid sections 
so that each relief film overlaps well into adjacent _ 
sections but does not overlap other relief films. Lay 
a glass on the relief films to hold them flat. (See 
figure 70.) 

Expose the relief films according to standard pro- 
cedure and mark (Li, L2, etc., for left-eye). Pro- 
ceed with the other exposures to cover the entire area. 

Place the other negative in the negative holder so 
that the same ground objects previously marked on 
the tracing paper are reversed, left to right. ‘Turn 
the tracing paper over and adjust so that the ground 
objects of the reversed image and those on the tracing 
paper are superimposed. 

Place relief films, expose, and mark (#1, £2, etc., 
for right-eye). Complete processing of relief films 
according to standard procedure. Pair Li and £1, 
L2 and R2, etc., in making the Vectograph prints. 


Assemble Vectograph prints by overlapping, side- 
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Piece of Relief Film 





Overlap Into Adjacent Underlying 
Grid Sections Grid Section 
Figure 70. 


over-lapping, and taping to the mounting board. Cut 
straight through areas of overlap. 


VIEWING EQUIPMENT 


To produce a satisfactory depth impression, it is 
essential that the Vectographs be shown and viewed 
according to the following instructions. 

Directly-viewed Vectographs require Polaroid 
viewers, either card or spectacle type. Hold the Vec- 
tograph “Top” side at the top and wear the viewers 
as their design indicates. Do not view from the side. 
Do not view with the viewers tilted. In viewing Vec- 
tograph transparencies, hold the transparencies 
against a light box or in front of but not touching 
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a well-illuminated white wall or a sheet of white 
paper, or against the sky. 

When viewing Vectograph lantern slides, turn the 
slide so that the printed circles of the mask appear in 
the upper-right-hand corner as you face the screen. 
Insert it in any standard lantern slide projector. 
Wear the viewers while focusing the projector. 

Do not project Vectograph lantern slides on ordi- 
nary cloth, plaster, paper, beaded or rubber screens. 
No depth impression will be obtained when such 
screens are used. | 

If a metallic surface screen is not available, prepare 
one by painting any smooth surface such as hard 
Masonite, fine cloth or cardboard with Polaroid 
Aluminum Pigment 689 mixed according to instruc- 
tions on the can. 


If a spray gun is available, mix the pigment as 
instructed on the can and pour into the spray gun. 
Then fill the pigment can one-half full (80 ce. or 214 
oz.) of Polaroid Thinner 664 and add to the mixture. 
Spray smoothly over the surface. 


ALTERNATE FORMULAS © 
In the event that the prepared chemicals supplied 
with the outfits are not available, substitute solutions 


may be prepared according to the formulas given 
below. 


DEVELOPER 
Dissolve in water (preferably warm) 750 cc. or 24 oz. 
Sodium Sulfate 156 grams 514 oz. 
Add cold water to make 1 liter 34 fl. oz. 
Pyrocatechin 8 grams 125 grains 
Potassium Bromide 10% solution 10 ce. 214 drams 
Sodium Hydroxide 40% solution 25 ce. 6 drams 


Cool to room temperature 


WasHoFF Batu 


Ammonium Thiocyanate dissolved in 200 grams or 7 oz. 
Water (preferably hot) to make 1 liter 84 02, 
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BieacH 


Polaroid printing solution aB 80 cc. or 1 oz. 
Water 120 ce. or 4 oz. 


To make solution AB from solution A687 and solution B688— 
Solution A one part, added to solution B two parts. 


PRINTING SOLUTIONS 


Sodium Chloride 
(Technical or CP 


Solution AB grade per 
Tank per tank tank) 
Weak | 75 ce. or 2.5 02. 50 grams or 1.5 oz. 
Medium Weak 90 cc. or 8.0 oz. 50 grams or 1.5 oz. 
Medium Strong 180 ce. or 4.5 oz. 50 grams or 1.5 oz. 
Strong 155 cc. or 5.5 oz. 50 grams or 1.5 oz. 


Fill the tanks with tap water to make 38,800 cc. or 180 oz. at 
room temperature. Stir, using one of the tank rods as a stirring 
rod. 


TEMPERATURE EXTREMES 


High temperatures cause the developer to operate 
faster, ultimately causing chemical fog and resulting 
refusal of the gelatin to wash off adequately. With 
increasing temperatures, decrease the development 
time according to the table below. Washoff bath, 
rinsing water, and the bleach bath operate satisfac- 
torily at high temperatures. 

With rising temperatures use a stronger printing 
solution to produce Vectograph prints of satisfactory 
density. At temperatures above 90 degrees F. the 
strongest standard printing solution (155 cc.) may be 
inadequate. Add 15 ce. of solution AB. If this does 
not produce a print of high density, add 15 cc. of solu- 
tion AB at a time until an extremely strong print is 
secured. | 

The following table is an indication of the changes 
necessary, in developing time and printing solution, 
to make a satisfactory Vectograph from a normal 
negative, under rising temperature conditions. 
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Fahrenheit Temperature Developing Strength of Printing 


of Developer Printing Time in Solution in cc. aB 

Solution, and Fixing Bath Seconds per Tank 
60° to 75° 90 sec. 105 ce. 

80° 75 sec. 120 ce. 

85° 55 sec. 185 ce. 

90° 40 sec. 150 ce. 

95° 30 sec. 165 ce. 

100° 25 sec. 180 cc. 

105° 20 sec. 195 ce. 

110° and over 15 see. 210 cc.* 


*Note: Use this table only as a general guide—see above 
regarding the gradual addition of as until a strong print is 
secured. 


Density of the print, before fixing, should be much 
darker at high temperatures than at ordinary tem- 
peratures. The fixing bath operates much more rap- 
idly at high temperatures and consequently reduces 
the density of the print much more markedly. The 
printing solution should be strengthened, without 
altering the fixing bath, until it produces a print 
which has correct density after 45 seconds fixing. 

High humidity reduces the density and contrast of: 
the Vectograph print if the Vectograph film is al- 
lowed to absorb moisture before printing. Open only 
one box of Vectograph film at a time. Keep the box 
closed except when individual sheets of film are ac- 
tually being removed. Remove film only a moment 
before it is to be printed. After fixing, the print 
should be dried as rapidly as possible, in artifically 
heated air if available, and lacquered as soon as it 1s 
dry. 

The developer operates slowly at low temperatures. 
Keep it above 60° F. The washoff bath operates 
effectively at 60°. The rinsing water will remove 
neither the developer nor washoff bath at very low 
temperatures. Warm it to 70° F. or higher. 

Special care should be taken to use rinsing water 
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that is at least 65° F. when rinsing relief films after 
bleaching. If this precaution is not taken, the prints 
will have a mottled purple-yellow appearance. 

Low temperatures make the printing solutions 
operate more effectively so that it may be necessary 
to make up an especially weak printing solution. The 
fixing bath operates more slowly at low temperatures 
and should be kept above 60° F. for satisfactory 
results. 

Sea water may be used successfully in place of 
fresh water in all stages of processing. When it is 
used for making up printing solutions, omit salt from 
the formula and use a weaker solution to obtain a 
comparable density. When it is used for making up 
the fixing bath, increase the fixing time to about 114 
minutes or more. If only a very limited quantity of 
fresh water is available, use it in the fixing bath. 
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CHAPTER 6 
MOTION PICTURE CAMERAS 
WHY "MOVIES" MOVE 


There’s no such thing as moving pictures. 

“Don’t hand me that,” you say. “What are those 
things I’ve been paying my good money to see when 
I go to a theater?” 

All you see in a “movie” is a lot of still pictures. 
They are flashed on the screen one after another. The 
secret is that it’s done so fast you get an ILLUSION OF 
MOTION. 

This effect of movement is due to an ability of the 
eye to retain an image momentarily after the image 
has actually disappeared from view. For that reason, 
a series of successive still pictures of a moving object 
blend into a continuous picture. 

Look steadily at a bright light. Then quickly close 
_ your eyes and put your hand over them. You still 

“see” the light. The actual rays of light are cut off 
but your eyes and brain retain an image of the light 
for an appreciable interval. 

The same thing happens when a picture on the 
screen is suddenly cut off. When the picture is suc- 
ceeded quickly by another in which an object is in a 
slightly different position, your brain fuses the two 
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pictures. You get the impression that you are watch- 
ing the object move. 

‘This carry-over of visual impressions, this lag in 
the reaction of your eyes, is known as “persistence of 
vision.” In “movies”’ still pictures are projected so 
rapidly that the split second between each picture is 
bridged by your visual carry-over. Each picture. is 
smoothly blended into the sequence. 

You get the illusion of normal motion if the still 
pictures are taken and viewed at the rate of 24 frames 
per second (each picture is called a frame). That is 
the professional standard and the Navy standard. 
That is the speed at which 35-millimeter film is shown 
in the theater. Some amateurs still take and project 
16-millimeter silent movies at the rate of 16 per 
second. But 24 frames is becoming the standard 
speed for 16-mm—the same as for 35-mm. 

Before the advent of sound, a 16-frame speed was 
standard for all moving picture work. Technical 
problems require greater length of film for smooth 
reproduction of sound. 

No doubt you have seen sequences from old-time 
newsreels or feature pictures shown in present-day 
theaters. They flicker quite noticeably. The principal 
reason—aside from the fact that equipment and 
methods were not as far advanced as they are today 
—is that the movies of yesteryear were taken at 16 
frames per second and are projected at today’s stand- 
ard of 24 frames per second. Even projected at a 
speed of 16 frames, the old-timers would have a more 
pronounced flicker. That is because the slower move- 
ment leaves a greater interval between pictures— 
your eyes don’t bridge the gap quite as smoothly. 

Motion pictures being a series of still pictures, the 
motion picture camera is basically the same as the 
still picture camera. The chief difference is that it has 
a mechanism for taking a series of many photographs 
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Figure 71—A Mitchell camera. - 


in rapid succession and at regular intervals. That 
mechanism Is seen in figure 71. A main drive sprocket 
(in the illustration, the largest wheel in the camera 
movement) pulls the film from the supply spool (in 
the left section of the magazine on top of the camera 
shown here). 

At the film gate (in the front center of the mech- 
anism) a pull-down claw moves the film, frame by | 
frame. The claw engages perforations along the side 
of the film. These small holes are on both sides of all 
35-mm. film and 16-mm. silent film and on one side of 
16-mm. sound film. 

As each frame comes to rest momentarily in the 
. film gate, it is held flat against the camera aperture 
by a pressure plate. At that instant a rotating shutter 
mounted between the lens and the film gate, opens, 
allowing the light from the lens to record the subject 
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on the film. The shutter is synchronized with the 
pull-down so that the film is stationary while being 
exposed. When the shutter covers the lens again, the 
claw pulls a fresh frame into position. 

The movement of the film is thus continuous at the 
sprocket and intermittent at the aperture. If it were 
threaded tightly from the supply spool through the 
camera and back to the take-up spool, the claw draw- 
ing down the film would break or damage it. To pre- 
vent that, the film is threaded so that it forms loops 
above and below the film gate, as shown in figure 71. 
Kach time the claw works, the top loop is shortened 
slightly and the bottom loop lengthened. Then the 
sprocket feeds in new film to restore the loops. 

As in the case of still pictures, negatives made in 
the motion picture camera must be reproduced in: 
positive form. Most movie positives are produced by 
contact-printing the negatives onto a ribbon of film 
especially designed for this purpose. The positive 
film, which is used to show the pictures on a screen, 
also is perforated along the sides but the holes are 
shaped more oval than those on the negative film. 

The PRoJECTOoR which “throws” the pictures onto a 
screen has an operation very similar to that of the 
camera. The film is threaded in front of a high in- 
tensity light source. The intermittent action (pull 
down claw or Geneva drive) performs its same duty. 
The rotating shutter again opens and closes as each 
frame is drawn into position. 

In the projector, however, the shutter works twice 
for each frame. It not only interrupts the beam of 
light while a new frame is being pulled before the 
lens, but it also cuts off the light once while. a new 
frame is in position in the gate. You might think this 
would make the picture flicker. Actually it does just 
the opposite. It REDUCES THE FLICKER by increasing 
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the frequency of alternation between a light and dark’ 
screen. | 

In the projector as in the camera, the film moves 
exactly 34 of an inch (one frame in 35-mm. size) or 
38 of an inch (one frame in 16-mm. size) in each 
cycle. The time required for one complete cycle is 
exactly 1/24 of a second for normal speed. 

So much for what makes “movies” move—in the 
taking and in the showing. 


USES IN THE NAVY 


Realism! That’s what gives moving pictures their 
tremendous interest and importance. Whenever there 
is ACTION—which means practically all the time, 
everywhere—no photographic process will record it 
as completely and as vividly as motion pictures. The 
advantage of the life-like realism of movement is so 
obvious that it needs no exposition. 

A motion picture showing the complete sequence 
of an enemy dive-bombing run or an engagement of 
ships is a graphic record which may be of inestimable 
value in PLANNING STRATEGY AND TACTICS. Movies of 
war action also do much to keep the folks at home 
informed. Many of the wartime NEWSREELS are taken 
by Photographer’s Mates and the photographic per- 
sonnel of the Marine Corps and the Army, and dis- 
tributed by commercial newsreel companies. 

Motion picture photography is proving of immense 
TECHNICAL AID in many phases of Naval activity. 
Examples—checking on the performance of types of 
equipment, studying the cause and effect of new 
mechanical operations, developing improved methods 
for repairing damaged equipment. 

Movies also play a significant role in INSTRUCTION 
AND TRAINING of Naval personnel. Short of the ac- 
tual experience, a motion picture is the most effective 
teacher. It speeds up the learning process, too. The 
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Navy is assigning photographers with increasing fre- 
quency to the production of training films. 


YOU'LL BE WELL "ARMED" 


Photographer’s Mates get the finest motion picture 
cameras made. One of the most frequently used 
models in the Navy is the Mitchell High-Speed, which 
represents $5,400 in cash. Other cameras are propor- 
tionately expensive. Their cost indicates the precision 
and quality of the instruments you will be given to 
work with. 

Cameras which see the most Navy duty are— 


35-Millimeter 
MITCHELL 
BELL AND HOWELL STANDARD 
BELL AND HowELut EyeEmo (Models M, Q) 
16-Millimeter 
BELL AND Howett Fitmo (regular “70” 
models and “Auto” models) 
EASTMAN CINE-Kopak (Special and Maga- 
zine models) 


Silent-picture cameras are used almost exclusively 
in the fleet. Sound cameras are more complex and less 
adaptable to portable operation. Handling sound 
equipment takes special training, and the photog- 
raphers usually work with sound engineers. Sound 
can be “dubbed” onto silent film at the laboratory 
if desired. For example, the booming of guns and 
the roar of planes in battle action is rarely recorded 
at the scene as the pictures are taken. The “Jab” has 
sound tracks of these and countless other noises which 
are affixed to the silent film. 

Operation of each of the principal cameras used in 
the Navy will be described for you here. Thorough 
understanding of them naturally requires actual han- 
dling. The description, while dealing with parts and 
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movements which may be difficult for you to visualize 
without seeing them, will familiarize you with the 
cameras so they will not be “total strangers’’ when. 
you first meet them. 


THE MITCHELL 


Sturdily built, the Mitchell moving picture camera 
nevertheless must be handled as the expensive pre- 
cision instrument which it is. The more intricate the 
camera, the greater the care and skill required to 
operate it to produce the results of which it is capable. 


The Navy uses the Mitchell High-Speed more than 
the Mitchell Standard. A High-Speed can be used 
at normal speed—or clear down to one frame a second 
if desired—but the Standard does not lend itself to 
high speed. The fast model will make exposures at 
a rate of up to 128 a second (as compared with the 
normal of 24). 


Such rapidity is often advantageous in recording 
the performance of aircraft, guns and machines. 
When film taken at 128 is projected at the normal 
rate of 24, a “slow motion” effect is obtained. (More 
will be said later of “slow motion” and other moving 
picture speeds. ) 


The film goes through the Mitchell in the manner 
described earlier for movie cameras in general. (See 
figure 71.) When used with an electric motor, a 
buckle trip switch immediately stops the camera if: 
the film should break or jam inside the camera body. 


Film is threaded into the camera from a MAGAZINE 
mounted on top. It is secured to the camera body by 
a single screw-bolt. The supply spool is in the for- 
ward part of the magazine, the take-up spool aft. 
(See figure 71.) Mitchells are fitted with 400-foot 
magazines, but magazines accommodating 1,000 feet 
of film also can be used. Magazines can be removed 
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or interchanged without cutting or tearing the film. 
ae is done this way— 


Before a magazine is installed on the camera, 
the end of the film from the supply spool is at- 
tached to the take-up spool. As the magazine is 
put on the camera, a length of film is pulled 
down so that it forms a loop. This loop is in- 
serted through an opening in the top of the 
camera and is then threaded through the proper 
channels in the mechanism. When a magazine is 
to be removed or changed while the camera is 
still threaded, the camera door is opened, the 
film is pulled out of the camera movement, and 
the loop is drawn through the top of the camera 
as the magazine is lifted off. When this is done, 
the loop of film threaded through the camera is 
exposed and spoiled, but it is such a short strip 
that the loss is unimportant. 


' The film’s path in threading the Mitchell is shown 
in figure 71. In the High-Speed, the film winds be- 
tween the two guide rollers forward of and above the 
main drive sprocket. In the Standard, these rollers 
are not used—the film passes above them. 

The revolving SHUTTER in the Mitchell has a maxi- 
mum opening of 170°. It is a round disk. When the 
shutter is all the way open, light passes through a 
semi-circle which is almost half the total area of the 
disk: (half would be 180°). 

Variations in shutter opening from 170° to fully 
closed can be made while the camera is in operation. 
In other words, exposure changes can be made during 
filming by moving a shutter lever on the rear of the 
camera. Thus the special effects of ‘fades’ and “dis- 
solves” can be made right in the negative. 


On the front of the camera is a LENS TURRET: 


equipped to accommodate four lenses. (This is seen 
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in figure 72. In the illustration, only one lens is in 
place but the openings for the other three are shown.) 
By use of the turret, which is revolved easily by hand, 
lenses of varying focal lengths can be shifted into 
photographing positions quickly. This eliminates the 
necessity for removing one lens and installing another 
when circumstances require a change. Lens equip- 
ment varying from wide-angle to telephoto units can 
be used. 





Figure 72—A Mitchell in use in a blister of a PBY. 


An outstanding feature of the Mitchell optical sys- 
tem is the method of Focusinc. Focusing is done on 
a ground glass through a telescope mounted on the 
left side of the camera. (The rubber eye-piece for the 
focusing telescope is seen in the lower right-hand 
corner of figure 71.) The image which you see in the 
ground glass is erect (right side up) and correct from 
left to right—your subject appears just as it actually 
is. The focusing device provides magnification of five 
and ten times—making the image you see five or ten 
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times bigger than the image which will be recorded 
on the film. For average focusing, five times magnifi-' 
cation is adequate. For extremely critical focusing, 
it is preferable to magnify the image size 10 times. 
The magnifier knob must be in either the 5X or the 
10X magnifying position—never between. 


To put the camera in focusing position, you 
SHIFT THE CAMERA BOX TO THE RIGHT on & 
track. The box is made separately’ from the 
base frame. The shift is made by one turn of a 
handle. This system makes it possible to focus 
without moving the lens assembly from its tak- 
ing position. The camera box shifts over “out 
of the way” but the lens turret does not move. 
The lens to be used for photographing is then 
in front of the focusing telescope. After focus- 
ing, you shift the camera box back to the left 
and the lens then is in front of the film aper- 
ture ready for taking. It is a fast and simple 
process. 


The Mitchell is fitted with an erect-image VIEW- 
FINDER. (In figure 72, the Photographer’s Mate in 
the center is looking through the viewfinder.) Since 
this device is placed alongside the door which must 
be opened for threading the camera, it is mounted on 
a bracket so that it can be swung out of the way 
quickly. 

The viewfinder is easily corrected for PARAL- 
LAX. That may be a strange word to you but 
it isn’t complicated. Parallax is the offset be- 
tween lens and viewfinder. The finder is a few 
inches to the left of the camera lens. (In some 
cameras it is both left of AND ABOVE the lens. ) 
When you look into the viewfinder, therefore, 
you see a slightly different field from what the 
lens “sees.” This error or offset can be ignored 


252 


for distant or medium scenes. For close-ups, a 
correction is necessary—else you may “cut 
off” the left side of the person or object you 
are photographing because your lens is to the 
right of where you are looking. 


Built into the viewfinder are adjustable mattes or 
masks which alter the field of view to correspond with 
that of the lens being used. These masks are merely 
rectangular pieces of metal or composition material 
which “frame” the image you see in the finder, mak- 
ing it smaller or larger as you adjust the size of the 
mask. 

Two arrangements are provided for the use of 
FILTERS. Immediately in front of the shutter, and 
behind the lenses, is a revolving circular filter disk. 
It contains slots into which filters can be inserted. 
By turning the disk the desired filter can be brought 
into position instantly. Thus the filter goes behind 
the lens rather than in front of it, as with still picture 
cameras. 

Special mattes also may be inserted in the disk. 
The use of mattes in this way, however, is purely for 

“tricks” or special effects and they are not employed 
in normal “everyday” Navy photography. Filters 
also may be inserted in the conibination sunshade and 
matte box which can be attached in front of the-lens. 
Pola-screens (explained in Volume I, Chapter 17) 
and mattes as well as filters may be inserted in slots 
just behind the sunshade. Here again, mattes are not 
generally necessary in Navy usage. 

Either MANUAL OR MOTOR OPERATION is possible 
with this camera. On the right-hand side is a round 
gear box. In it are three shafts which accept cranks 
for normal speed, high speed or stop motion (single 
frame operation). A gear box with a crank placed 
on the normal speed shaft is shown in figure 73. 
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When the normal speed crank is used, each revolu- 
tion of the crank draws eight frames of film past the 
photographing aperture. Thus you must turn the 
crank at the rate of three times a second to produce 
the normal speed of 24 frames per second. When 
higher speed operation is desired, a longer crank is 
inserted and must be turned faster. The rhythmic 
turning of the crank at proper speed is a knack which 
you can pick up with practice. 





Figure 73—A Mitchell ready for hand operation, 


By electric motor, the camera may be operated at 
speeds from 4 to 128 frames per second. The motor 
is mounted on the top of the camera on the right- 
hand side. Two types of motors are available—a 
12-volt d-c motor for use with 12-volt batteries in field 
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or aircraft work, and the regular 110-volt a-c and 
d-c motor which can be operated on radio ‘“‘B” bat- 
teries or on any standard electrical supply system. 
Both are variable speed motors. 

Obviously the Mitchell camera must always be used 
on a tripod or some other firm mount. The camera 
box alone is too heavy for steady hand-held operation. 
And when it is all “decorated” with its accessories— 
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Figure 74—A Mitchell with motor attached (top center). The box at the right 
is the rheostat. 
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especially the motor—you’ll find that just lifting it is 
not too easy. ; 


THE BELL AND HOWELL STANDARD 


You have had the story of the Mitchell from A to 
Z. Other cameras are essentially the same in most 
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general features. It won’t be necessary therefore, to 
repeat all the details. 

In the moving picture industry, the Bell and 
Howell Standard camera is one of the most widely 
used 35-mm. units. Having proven its worth on all 
the news fronts of the world, it has been adopted for 
use in the Navy. Like the Mitchell, it is an expensive, 
finely-tooled instrument. 





Figure 75—The Bell and Howell Standard. 


The two cameras are very similar in movement, 
shutter mechanism, turret, accessories, magazine at- 
tachment, loading, and operation. 

Chief differences between the Bell and Howell and 
the Mitchell are— 


The method of obtaining high-speed operation. 
The focusing and viewfinding systems. 


While Mitchell makes a Standard model and a 
High-Speed model, Bell and Howell makes it possible 
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to combine both in one. The Bell and Howell Stand- 
ard is converted to high-speed operation by changing 
pieces of apparatus. 

The unit which starts and stops the film with inter- 
mittent movement is called an “intermittent.’’ When 
operating at standard speed of 24 frames per second, 
you use the standard intermittent, which is of the 
shuttle type. To operate at speeds up to 128 frames 
per second, you take that unit out of the camera and 
insert a high-speed intermittent, which is of the 
ratchet type. A gear box also is attached to the 
camera when it is converted to fast operation, and 
the standard motor is replaced by a high-speed 
motor. 

In the Mitchell, you will recall, the focusing tele- 
scope is brought into alinement with the photograph- 
ing aperture by shifting the camera box to the right. 
In the Bell and Howell you also do that PLUS one 
more step. You turn the turret 180°—whirl it half 
way around—to line up the photographing lens with 
the focusing telescope. 

Most of the Navy’s Bell and Howell Standards 
have a tubular focusing arrangement with seven 
times magnification. Some of the cameras are 
equipped for prismatic focusing. In that type, a 
mirror arrangement reflects the image into the eye- 
piece. : 

The viewfinder assembly is positioned and mounted. 
as it is on the Mitchell, but the viewfinder image in 
the Bell and Howell Standard is inverted (upside 
down) and reversed from left to right. The viewfind- 
ing apparatus includes the mattes to adjust the size 
of the field of view. The finder may, of course, be 
corrected for parallax. 

Highly corrected lenses supplied with this camera 
range in focal length from 24 mm. (slightly less than 
1 inch) to 20 inches. Normally, lenses up to 4 inches 
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Figure 77—Eyemo Model M, on a tripod. 
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are sufficient but the larger ones up to the 20-inch 
telephoto type are useful in some situations, particu- 
uarly in battle. 

Manual or motor operation is provided. When 
operated by hand, alternate cranks are used, as with 
the: Mitchell. Motors are available for optional opera- 
tion on 12, 24, or 110 volt current. The normal speed 
motor gives operating speeds from 2 to 32 frames 
per second. The high-speed motor drives the move- 
ment up to 128 frames per second. 


THE BELL AND HOWELL EYEMO 


Battleships alone don’t make a fleet. The destroyer 
is a dwarf by comparison but for numerous duties she 
is far superior to the sea giants. Likewise the bulky 
and complex 35-mm. cameras are “tops” but in many 
situations a smaller unit is more useful. Circum- 
stances frequently arise in the Navy which dictate the 
use of a lighter, more compact, more “maneuverable” 
camera than the Bell and Howell Standard or the 
Mitchell. 

The “destroyer” of the camera fleet is the 35-mm. 
Bell and Howell EKyemo. Although it must be used 
on a tripod whenever possible, it can be hand-held. 
And even for tripod use it is much handier than the 
larger models. It is the most frequently used movie 
camera in the Navy. 

Eyemos come in a number of models, but those 
generally used in the Navy are the Model M and 
Model Q. 


As you follow the description of the Eyemos, 
bear in mind that it applies also, in most details, 
to a 16-mm. Bell and Howell camera called the 
Filmo. The Filmo is the “little sister” of the 
Eyemo. The Eyemo M and the Filmo “70” 
models are virtually identical except in size. 
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The Eyemo can be used wherever a photographer 
can carry any hand camera. Properly operated, it 
produces sharp, steady pictures which compare favor- 
ably with those filmed with bigger cameras. 

It offers the main features common to large units 
—a lens turret, precision focusing and viewfinding 
systems, variable speed operation. Both models can 
be driven either by springs or hand cranks, and the 
“Q” also may be run by electric motor. 





Figure 78—Eyemo Q with film spools. 


An important difference between these cameras 


and the Mitchell and Bell and Howell Standard is 
that the Eyemos are built to house the film spools 
INSIDE the camera box, using no magazines. The 
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Model Q also provides operation with interchange- 
able OUTSIDE magazines. The Model M does not. 


The basic Eyemo (Model M) has a capacity of 
100 feet of standard 35-mm. moving picture film . 
spooled for darkroom loading, or 111 feet spooled for 
daylight loading. There is no difference except that 
the daylight-loading film has a 6-foot leader and a 
5-foot trailer. The leader protects the unexposed 
film from the light while the camera is threaded, and 
the trailer serves a similar purpose when the entire 
roll has been exposed. When the camera is loaded 
and unloaded in the darkroom, no such protection 
against light is needed. 


While film on 100-foot spools is designed for 
daylight loading, it is nevertheless advisable to’ 
load the camera in subdued light if possible. This 
reduces the possibility of “edge fog” caused by 
light filtering in between the spool flanges and 
the film. 


The Model Q also will accommodate the 100-foot 
SPOOLS inside the camera, as in figure 78. Or, it can 
be fitted with a MAGAZINE attached to the back of the 
camera body, as in figure 79. The magazines hold 
200 or 400 feet of film. As with the larger cameras, 
they can be removed without cutting or tearing the 
film. The same loop idea explained for the Mitchell 
applies. 

Loapine the Eyemo when film spools within the 
camera are used is done in this manner—Remove the 
door and take the empty spool from its spindle. Open 
the film gate by pressing the knob on the end of the 
gate bar toward the back of the camera. Note the 
shuttle teeth which project through the polished aper- 
ture plate. There must be tension on the spring motor 
at the time of loading to engage these teeth in the film 
perforations. 
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Insert a full spool of film on the supply spool 
spindle (upper) and be sure it is correctly seated. 
(See figure 78.) Unreel about eighteen inches of 
leader. Engage the film perforations with the teeth 
of the upper sprocket. Rotate the full spool in a 
counterclockwise direction until the slack is taken up. 
Lead the film through the gate. Leave a loop of film 
above and below the gate, as in figure 78. 


In the Eyemo, these loops must be EXACTLY 
THE CORRECT sizE—eleven visible perforations 
in the lower loop and nine in the upper loop. 
(Count only those perforations which can be 
seen after the film gate has been closed. And 
count, of course, only the perforations on one 
edge of the film.) 
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Close the gate by pressing the knob toward the 
lens. Make certain that the shuttle teeth have en- 
gaged the film properly. Do this by inserting your 
forefingers in the loops and sliding the film in its 
channel until the perforations fit over the teeth. Then 
no more sliding will be possible. 

“Insert the end of the film as far as it will go into 
the slot in the hub of the take-up spool. Wind one 
full turn of film around the spool to prevent the film 
from slipping out of the slot. Place the spool on the 
take-up spindle (lower). Gently rotate it in a clock- 
wise direction until the slack film has been taken up. 
This must be done carefully or the film will be 
scratched. 

Press the starting button momentarily to observe 
the behavior of the film in the camera. Watch to see 
that the loop sizes do not change. Naturally the 
camera should be run only a few seconds, for you 
will be exposing film. Place the door on the camera. 
(If it will not go on, the film gate has not been closed 
as far as possible.) Turn the door locks to the closed 
position. Do not open the camera again until the 
entire reel has been exposed. 

If you have daylight-loading film, it has a six-foot 
leader. If you used one foot for threading, the foot- 
age dial should be set at 95. Then as you run the 
remaining 5 feet of leader through the camera, the 
dial will move to zero (the dial is graduated from 
0 to 100). The camera is then ready for use. After 
the 100 feet of useful film has been run, the dial will 
reach zero again. But you still have a 5-foot trailer 
on the supply spool. So run the camera until the 
dial registers five. Then the trailer will be wrapped 
around the exposed film on the take-up spool, and 
the camera is ready for unloading. 

The Eyemo has a rotary disk sHUTTER. But it has 
@ FIXED OPENING of 160°. Unlike the Bell and Howell 
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Standard and the Mitchell, it cannot be adjusted to 
vary exposure. The 160° opening gives an exposure 
of approximately 1/54th of a second when the camera 
is operated at the normal speed of 24 frames a second. 
The exposure is inversely proportional to the camera 
speed. If you double the speed, you HALVE the expo- 
sure. For example, if the camera is operated at 48 
frames a second, the exposure is 1/108. Since the 
shutter opening is constant, the amount of light 
reaching the film is controlled by adjusting the lens 
diaphragm. 

You should be able to compute what exposure you 
will get at various speeds. There are two ways, de- 
pending on what information you have to begin with. 
(These methods, incidentally, apply not only to the 
Eyemo but to ALL MOVIE CAMERAS. ) 


Suppose you know the shutter opening. In an 
Eyemo the shutter is open 160° while the com- 
plete circle of the disk is 360°. Thus the shutter 
is 160/360ths open for each frame. Say you want 
to film at 382 frames per second. Then 


aM x i <r _160_ — i Y I 
860 392 11520 = 792° our exposure WI 


be 1/72. Suppose you do not know the shutter 
opening but you do know the exposure at stand- 
ard speed. When an Eyemo is operated at the 

' standard speed of 24 frames a second, the expo- 
sure is 1/ sath. But you want to film at 32 
frames per second. The exposure is the unknown 
quantity—X. Then X is to 32 as 54 is to 24. 
In other words, your exposure at a speed of 32 
frames will be in the same proportion as the 
exposure of 1/54th is to the standard speed of 24. 
So X : 32 ::54:24, or 24.Y — 1,728, or X == 72. 
There’s the same answer—your exposure will be 
1/72nd. 
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The Eyemo TURRET accommodates three lenses 
(one less than the larger cameras). In the “M” the 
turret is circular. In the “Q”’ it consists of three arms, 
a “spider,” as shown in figure 80. When lenses of 
varying length are used, the longer ones, protruding 
farther from the turret, will cut into the field of view 
of some shorter ones. This is called LENS INTER- 
FERENCE. Before mounting lenses for use on an as- 
signment, you should always consult the lens inter- 
ference chart supplied with the camera and available 
in each photographic unit. The chart will tell you 
what lenses can be placed on the turret at the same 

_ time without the longer ones “getting in the way”’ of 
the shorter ones. 

The lens interference problem is reduced when the 
Model Q is used. The arms on the turret keep the 





Figure 80—Eyemo Model Q with three lenses. 
781662—47——_-18 265 


lenses farther apart. Thus a long one is not so apt 
to cut into the field of a short one. Look at the 
camera which the Photographer’s Mate is holding in 
figure 80. If he had a Model M instead of a Model Q, 
that long lens on the left would interfere with the 
short one on the right because they would be closer 
together. : 

The standard LENs used on Eyemos is of 2-inch 
focal length. Other lenses ranging from wide-angle to 
telephoto may also be used. Filters can be fitted to 
the lenses. In the Eyemo, the filter goes on the front 
end of the lens. There is no filter disk behind the 
lens, as in the Bell and Howell Standard and the 
Mitchell. 


Focusine of the “M” is done by setting the lens 
for the distance between camera and subject. The 
lens mounts are marked for various distances in feet. 
You simply turn the lens until a line matches up with 
the figure which represents your distance from the 
subject. 


Focusing of the “Q” is prismatic, with a magnifier. 
You get a full field view when you look through the 
focuser. Before focusing, you rotate the turret to 
bring the desired lens in front of the focusing aper- 
ture. Then you turn the lens until the subject you 
are looking at is brought into focus. After focusing, 
you -turn the lens back in front of the photographic 
aperture. 


The VIEWFINDER is mounted on the camera door. 
(See figures 76 and 77.) The tube on the left side of 
each camera is the finder. The finder provides an 
upright image in correct position from left to right. 
The field of view for lenses of different focal lengths 
is adjusted by a revolving drum. By a quick turn of 
the drum dial, the field of view can be set for lenses 
having focal lengths of 40 mm., or 2, 4, 6, 8, or 12 
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inches. The 12-inch lens is the longest used with 
Eyemos. 

Both “M” and “Q” veniGs can be driven by a 
spring motor or by a hand crank. They are primarily 
designed for SPRING MOTOR operation. With one wind- 





Figure 81—Eyemo Model M, showing winding key. 


ing, the spring motor will draw at least 40 feet of film 
through the camera. The spring is wound to operat- 
ing tension by a key on the right-hand side of the 
camera. The winding mechanism includes a ratchet 
device so the key can be turned backward and for- 
ward—like winding a watch. This makes winding 
faster and easier. 


Get the winding habit! You should wind the 
spring fully after every scene. Then your camera 
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will be “ready to go” in the event of some sudden 
action you wish to photograph. However, when 
you return the camera to the storeroom, between 
assignments, let the spring motor run down. This 
will extend the life of the spring. 


When the spring motor is used, the camera is oper- 
ated by a button. It is near the camera base, just 
below and to the rear of the winding key. (See figure. 
81.) You can push it and hold it with your thumb 
while shooting, and when you release your pressure 
it will snap back into place, stopping the film. Or, 
you can lock it in the running position by rotating it 
slightly. Then, to stop the camera, you must rotate 
it back again. 

The HAND CRANK also may be used. It would be 
needed, for example, if you were to take a single 
scene requiring more than 40 feet of film—the 
amount which the spring motor will drive on one 
winding. To hand crank: 1. Run off all spring ten- 
sion; 2. Set F.P.S. at 48; 3. Lock trigger open; 
4. Turn crank forward three turns per second for 
normal speed. 

The Model Q Eyemo is also adapted to ELECTRIC 
MOTOR operation. It is the only one of the Navy’s 
hand-held 35-mm. units so designed. Either a 12-volt 
d-c motor or a 110-volt a-c/d-c motor can be attached 
to the camera. Kither type will operate the camera 
at any of the speeds at which it may be set. 

Both the “M” and “Q” may be operated at speeds 
of 8, 12, 16, 24, 32, and 48 frames per second. A 
speed setting dial is on the right-hand side of the 
camera. 

A. footage dial shows how much unexposed film 
remains. As part of the hand crank, a numbered disk 
indicates the number of frames exposed at each 
revolution or partial revolution of the crank. This is 
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an aid in special effects work. You know that eight 
frames would be exposed with each complete turn of 
the crank. But if you wanted to expose only two or 
three frames, you would need the dial. 
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Figure 82—Eyemo Model © with motor and magazine. 
THE "SMALL CRAFT" 


Little fellows like the PT or the LST can do big 
jobs. 

When both 35-mm. and 16-mm. cameras are avail- 
able, use the “35”. It alone will produce fully profes- 
sional results. The Navy, however, doesn’t have 
enough 35-mm. cameras to go around. Furthermore, 
there are circumstances—such as in the cockpits of 
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small aircraft or other cramped quarters, where oper- 
ating space is limited—when a “16” is more practical 
than the largest “35’s.” Also 16-mm. work has an ad- 
vantage when shipping or stowing space for film is at 
a premium. 

So don’t underestimate the possibilities of a 16-mm. 
camera if you are assigned to use one. Some note- 
worthy motion pictures of World War II were made 
with 16-mm. equipment. Don’t miss the picture just 
because you do not. have a 35-mm. outfit. 


THE BELL AND HOWELL FILMO 


Trim down the dimensions of an EKyemo “M” and 
you have a Filmo “70”. They’re that much alike. The 
16-mm. Filmo also is identical in principle to the 
Eyemo “Q” but their appearance is not quite so 
similar. 

There are two branches of the Filmo family. One 
includes the 704, 70D, and 70F' models, the other the 
Auto Load, Auto Load Speedster and Auto Master 
models. It is the “70” group which is the direct de- 
scendant of the Kyemo. 

This branch almost duplicates the Eyemo “M” in 
three-lens turret, focuser, viewfinder, variable speed, 
loading, operating. 

Like the Eyemo “M”’ the Filmo uses FILM SPOOLS 
within the camera body and is not equipped for an 
outside magazine. The spools contain 100 feet of 
film if intended for darkroom loading, 111 feet (in- 
cluding leader and trailer) if for daylight loading. 

To know how to thread the Filmo, you need only to 
re-read the directions for the Eyemo and make one 
change. The film loops above and below the gate do 
not have to be any Exact size. You don’t need to 
count the number of perforations. Simply see that ~ 
the top and bottom of the loops are about 14 of an 
inch from the top and bottom of the camera. 
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The rotary disk shutter of the Filmo A, D, and F 
has a fixed opening of 204°. Note that this is larger 
than the Eyemo’s 160°. You can calculate the ef- 
fective or actual time of exposure by the same 
methods explained in the discussion of the Eyemo— 

A standard speed of 24 frames per second, 


204, 1 204 


360 24 8640 42.3 
approximately 1/43rd. 


. The exposure is 


At 16 frames per second, 204, 1 _ 1 


— or 
360 16 28.2 





approximately 1/28th. 


Or, knowing that the exposure at standard speed 
is 1/43rd, X : 16 :: 43 : 24, or 24 X — 688, or 
X = 28. 


With the three-lens turret, the matter of LENS IN- 
TERFERENCE must be watched in the Filmo as in the 
Eyemo. The lens interference chart which comes 
with the camera will tell- you what lenses will get 
along together without fighting. This camera uses 
lenses with focal lengths of 20-mm., and 1, 2, 3, 4, 
and 6 inches. 

Focusine of the Filmo is prismatic. It does not 
give a full field of view—you do not see all of the 
scene which your lens will capture but enough of it to 
permit you to bring the scene into sharp focus. This 
apparatus is used only for focusing, not for compos- 
ing. Again you must rotate the turret to bring the 
lens you wish to use in front of the focusing aperture, 
and whirl it back in front of the photographic aper- 
ture before starting to take pictures. 

The VIEWFINDER arrangement is exactly the same 
as in the Eyemo. 

SPRING MOTOR OPERATION is the only kind provided 
for the Filmo. Hand cranks or electric motors can- 
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not be used. When the Filmo spring is wound tightly 
with the key, it will drive about 23 feet of film 
through the camera before running down. The but- 
ton which starts and stops the spring motor works the 
same as on the Kyemo. 





Figure 83—Filmo 70, 
FILMO “AUTO" MODELS 


Related to the Filmo 704, 70D, and 70F—and 
therefor kin also to the Eyemo—are the Filmo Auto 
Load, Auto Load Speedster and Auto Master, prod- 
ucts of Bell and Howell. They are the same except 
that the first two accommodate only one lens and the 
third has a three-lens turret. 

Main difference between the “Auto” models and 


272 


their relatives is in the loading. For the Auto Loads 
and the Auto Master, the film is in a rectangular- 
shaped MAGAZINE WHICH SLIPS INSIDE THE CAMERA. 
Notice that this is quite different from the movie film 
magazines previously discussed. This magazine con- 
tains the two film spools and 50 feet of film. All of 
the threading is done in the magazine before it is 





Figure 84—Filmo Auto Load Speedster. 


ever inserted in the camera. In general practice the 
magazines are threaded only by the manufacturers 
and come to you “all ready to go.” 

You load the camera simply by opening the camera 
door and pushing the magazine in. It is plainly 
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marked as to which end goes toward the lens and 
which side goes toward you. As the magazine is 
pushed in, its aperture is uncovered automatically. 
Then the film is exposed just as if the two spools 
were not enclosed in a magazine. As the magazine is 
pulled out, its aperture is closed automatically. 





Figure 85—Filmo Auto Load, showing how magazine is inserted. 


The advantage of this arrangement is that it per- 
mits you to change film at any time, no matter 
whether all of a roll has been used. In cameras with- 
out this method (and without film magazines attached 
to the outside) you cannot open the door to change 
film until an entire roll has been exposed and is 
wrapped around the take-up spool. 

Focus1ne is done manually, as with the Eyemo M. 
On the lens mount are figures indicating distance in 
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feet from camera to subject. You turn the lens until 
it corresponds with your distance. Auto Load and 
Auto Master units also are made with fixed-focus 
lenses, in which case no focusing is possible or neces- 
sary. But most of those in the Navy have adjustable 
lens mounts. 

The VIEWFINDER eyepiece is near the top of the 
camera. It gives full field view. Different finder 
lenses must be screwed on when wide-angle or tele- 
photo lenses are used. | 

On the Auto Master, the finder lenses are on the 
turret. When the desired photographic lens is in 
position before the photographic aperture, the view- 
finder lens also will be in position before the view- 
finding aperture. 

In making close-ups it is necessary to correct for 
parallax—to allow for the fact that the lens is below 
and to the left of the viewfinder. 

On the Auto Load, the operating button is just be- 
low the lens on the front of the camera. On the, 
Auto Master, it is on the right rear surface of the 
turret head. If pressed down slightly, the button 
will operate the camera until the pressure is re- 
leased. Or, the button may be pressed all the way 
down, where it will lock until you push it up again. 

By setting a dial, speed can be regulated. The 
Auto Load operates at 8, 16, 24 and 32 frames per 
second, the Auto Load Speedster and Auto Master at 
16, 32, 48 and 64. 


CINE KODAK SPECIAL 


Another popular 16-mm. camera, seeing extensive 
service in the Navy, is the Cine Kodak Special. Well 
constructed and versatile, it offers interchangeable 
magazines, interchangeable lenses on a turret, vari- 
able shutters and variable speed operation by spring 
motor, hand crank, or electric motor. Two additional 
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refinements are—dual focusing and view-finding sys- 
tems, and audible “warning” signals for two purposes. 

Construction of the Cine Special presents one 
major departure from that of other movie cameras. 
It is made in Two HALVES. The right half contains 
the operating mechanism. The left half is the maca- 
ZINE. Both are similarly rectangular in shape. In- 
stead of sliding the magazine (also called the film 
chamber) inside the mechanism case, as in the Filmo 
“Auto” models, you attach the magazine half to the 
side of. the mechanism half. You don’t have to thread 
the operating mechanism. 





Figure 86—Cine Kodak Special. 


The magazine can be loaded by anyone familiar 
with motion picture cameras. It is recommended that 
the chamber be attached to the camera while it is be- 
ing loaded. By that procedure, spring tension can 
be maintained and the film can be checked easily for 
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loops and alinement. Magazines to accommodate 100 
and 200 feet of film are available. 

The Cine Special’s SHUTTER is variable, from fully 
opened to completely closed. It can be adjusted 
when the camera is in operation. In that feature, this 
camera offers the same opportunities as the 35-mm, 
Mitchell and Bell and Howell Standard. Variatior’ 
of the shutter serves two purposes—special eifects 
such as “fades” and “dissolves,” and an extra expo- 
sure control. 

As the shutter is opened wider, exposure is in- 
creased. With the shutter fully open, the exposure 
time is about 1/51 second at a normal speed of 24 
frames a second, and about 1/34 second at a speed of 
16 frames. With the shutter half open, exposure time 
is about 1/102 at a speed of 24, and about 1/68 at a 
speed of 16. 

A lever at the front of the camera housing on the 
right side varies the shutter opening. If you attempt 
to take pictures with the shutter closed, a loud buzz- 
ing noise will warn you to open it. This is one of the 
audible signals provided by this camera. 


- The Cine Special TURRET accommodates two lenses. 
The lens interference chart should, as usual, be con- 
sulted. With this camera, in addition, it is possible 
to check lens interference by use of the reflex focus- 
ing arrangement. You can look through the reflex 
focuser and see whether the other lens is in the way. 


All Cine Kodak LEnsss are fully corrected anastig- 
mats. The focal length of the lens normally used is 
25-mm. (1 inch). Others range from the 15-mm. 
wide-angle lens to the three-inch and six-inch tele- 
photos. 


The DUAL FOCUSING SYSTEM is a feature of the Cine 
Special. Most commonly used is the method of esti- 
mating the distance from camera to subject, and. 
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then turning the lens to set the calibrated lens mount 
for the required distance. | 

The other focuser, of the reflex type, may be used 
to check focus visually. Moving the reflex button un- 
covers the finder and places a 45° mirror behind the 
camera lens, reflecting the image in the ground glass. 
This can be done only when the camera is not run- 
ning, for when it starts, the reflex finder is covered 
and the mirror drops down automatically. 

The reflex focuser is used primarily on extreme 
close-up work and when it is advisable to check the 
depth of field given by a particular lens. Remember 
to SET THE LENS AT ITS WIDEST APERTURE when using 
the reflex focusing arrangement. 

Similarly, a DUAL VIEWFINDER SYSTEM is available. 
The one most frequently used is mounted on the 
camera top, with an eyepiece at the rear and a lens 
in the front. The finder lens is to be used when the 
' 25-mm. camera lens is in taking position. The front 
unit is masked to give a full field of view correspond- 
ing with that of the various lenses which may be used 
with the camera. 

The same optical system which provides reflex 
focusing also forms a reflex finder. For this pur- 
pose, a reflex finder tube (on top of the camera in 
figure 86) is necessary. 

The reflex finder is valuable for exacting work be- 
cause it shows the actual image formed by the camera 
lens. It is, therefore, free from parallax. 

When the sight finder on the top of the camera is 
used, and when close-ups are being shot, parallax 
must be taken into consideration. Two lines are 
etched on the 25-mm. finder lens. They show the 
top of the picture when the subject is six feet and two 
feet, respectively, from the camera. Suppose you 
are photographing a ‘person standing within six feet 
of you. The camera lens is lower than the finder on 
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top of the camera. Unless you used the etched lines, 
you are likely to “cut off the top of his head.” 

The Cine Special is designed primarily for sPRING 
MOTOR operation. The motor will drive 38 feet of 
film at one winding. Here the second of the audible 
warning signals comes into play. A bell rings when 
the spring is wound almost tight (to guard against 
over-winding) and again when the spring is almost 
run down. The operating button works like those of 
other spring-driven cameras. It can be locked in 
running position, but for ordinary hand work it is not. 

When a HAND CRANK is used, first allow the spring 
motor to run down. There are two crank shafts. One 
of them moves the film eight frames for each turn of 
the crank, the other one frame. For normal speed, 
the crank is inserted in the eight-frame shaft and 
turned three times a second. Setting the speed dial 
helps to maintain a uniform rate in cranking as: it 
serves as a governor controlling the maximum speed 
of the camera gear. By means of the single frame 
shaft, film can be exposed at the rate of one frame 
per complete turn of the crank, as for certain spe- 
cial effects. | 

An ELECTRIC MOTOR can also be used. By either 
electric motor or hand crank operation, the Cine Spe- 
cial equipped with the 200-foot magazine will film 
more than 8 minutes of uninterrupted action. 

The camera has two film meters, one for the film 
chamber and one for the camera proper. The former 
indicates the amount of unexposed film in the cham- 
ber whether the chamber is on or off the camera. 
It operates on the circumference of the supply roll 
of film and thus requires no setting. The camera film 
meter is geared to the camera mechanism and requires 
setting with each roll of film. When a film cham- 
ber is replaced, the camera film meter must be set to 
coincide with the meter on the new film chamber. 
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THE MAGAZINE CINE KODAK 


Last but not least—Eastman’s Magazine Cine 
Kodak. It is not so versatile as the senior member 
of its family—the Special. But the very fact that it 
is more simple makes it valuable for some Navy uses. 
It will produce high quality 16-mm. pictures. 

In general principle of operation, the Magazine 
Cine-Kodak and the previously-discussed Filmo Auto 
Load are much alike.: 

The MAGAZINE is a rectangular case which slips 
INSIDE THE CAMERA BODY. That’s all there is to load- 
ing and unloading this camera—push the magazine 
in, pull it out. Ordinarily, you will not handle the 
film itself. The magazines are loaded by the film 
manufacturer and unloaded by the laboratory where 
the film is sent for processing. 

Magazines are, of course, interchangeable at any 
time, regardless of how much of the film in them has 





Figure 87—Magazine Cine-Kodak. 
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been exposed. The magazines are plainly marked as 
to which end is inserted toward the lens and which 
side is toward you. When you replace the camera door 
after the magazine is in place, the aperture of the 
magazine opens automatically. The aperture of the 
magazine is closed by the cover lock before the maga- 
zine is removed. 

This camera does not have a turret but different 
LENSES may be MOUNTED SINGLY. For standard work 
the regular 25-mm. (1 inch) f/1.9 Kodak anastigmat 
lens is employed. Other lenses have focal lengths of 
15-mm. and 2, 214, 3, 4, 44, and 6 inches. 

FocusIne is normally done by turning the lens bar- 
rel to the figure which represents camera-to-subject 
distance. For visual, more precise focusing, an at- 
tachment called a focusing finder is available. It 
slips into the camera in the same manner as a film 
magazine. After focusing, the finder is removed and 
the magazine inserted. 





Figure 88—Magazine Cine-Kodak, showing how magazine is inserted. 
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The VIEWFINDER, on top of the camera, is adjust- 
able for any of the lenses used. The front unit of 
the finder is in two parts, each with a-lens. (See fig- 
ures 87 and 88.) Whether only one is used or both 
of them depends on the kind of photographing lens. 
One of the finder lenses slides back and forth, and 
this also adjusts for different kinds of camera lenses. 

To guide you in allowing for parallax, the forward 
lens on the finder bears two small pointers which cor- 
respond to the etched lines on the Cine Special. The 
top pointer represents the top of the picture when the 
subject is five feet away, the lower pointer when two 
feet away. 

The Magazine Cine-Kodak is driven only by spring 
motor. It is wound by a handle on the side of the 
camera—a handle instead of a key as on most other 
cameras. Before operating, a catch on the top of the 
camera must be moved to the position marked “RUN”. 
The motor is operated by a lever instead of a button. 

A button on the right side of the camera pulsates 
as each six inches of film move through the gate. In 
holding the camera, place one finger lightly against 
this button. As you feel the throbs, you can tell how 
much film you are using. Thus you will know your 
footage when you are holding the camera up to your 
eye and cannot see the footage dial. 


282 





CHAPTER 7 
MOTION PICTURE PROCESSING 


NEGATIVE-TO-POSITIVE 


After the taking of motion pictures comes the 
laboratory processes. _ 

The negative film you will use as a movie photog- 
rapher is essentially the same as for “stills.” In com- 
position it differs somewhat but in principle it doesn’t. 
It’s just a lot longer—and perforated. The early 
stages of processing follow a similar pattern. 

On the other hand, the finished film—the positive 
—has no resemblance to the finished still print. The 
still print is a positive picture on paper. The movie 
print is a positive image on transparent film, to be 
projected by strong light onto a screen. 


KINDS OF MATERIALS 


Motion picture film in 35-mm. size falls in two 
classes according to its use— 
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One to be used in the camera for making the 
original negative. 

One to be used in the darkroom, together with 
the original negative, for making duplicate 
negatives and positives. 


In 16-mm. size, film is available in both these classes 
and one more— 


To be used for making BorH the original nega- 
tive and the final positive—the SAME RIBBON 
OF FILM in the camera and in the projector. 


Thirty-five-millimeter color film is not used in the 
Navy. What 35-mm. color is produced, therefore, 
may be excluded from consideration at this time. 

The first class of film in 35-mm. size—that which 
goes into the camera—is panchromatic. To review 
the definition, that is black-and-white film sensitive to 
all visible colors. This class is divided into two 
types— 


Type B panchromatic, which is as sensitive to 
reds as is the human eye. 

Type C panchromatic, which is more sensitive to 
reds than is the human eye. 


Almost any filter may be used with this film. THE 
PRINCIPAL EXCEPTION IS THE INFRARED FILTER, which 
should not be used. 

This first class of film also is divided in another 
manner. It is classified in Navy speed groups of 50 
and 100 according to the manufacturer’s rated speed 
of the emulsion. In group 50 are those rated from 32 
to 64 according to the Weston ratings. In group 100 
are the faster emulsions. 

The following table gives the speeds for the 35-mm. 
negative films shown in the Standard Stock List for 
supply to the Navy. 
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WESTON 
RATING 





NAVY Day- Tung: 
TYPE | SPEEDGROUP |light _sten 
Ansco Superpan Supreme 50 50 
Ansco Ultra Speed 100 
DuPont Superior—2 50 
DuPont Superior—8 100 
Eastman Plus X 50 
Eastman Super XX 100 


Negative films in speed group 100 are intended for 
aerial work and other situations calling for a fast 
emulsion. Because of the smaller grain size in slower 
emulsions, it is best to use a film as slow as possible 
consistent with operating conditions. A film in speed 
group 100, if used for photographing normal motion 
with a stationary camera, would produce unneces- 
sary graininess. 

All of these films are available in lengths of 100, 
200, 400 and 1,000 feet. The 100-foot lengths are 
supplied in spools for daylight loading. All other 
lengths are furnished for darkroom loading. 

The 16-mm. film of this type—comparable to the 
35-mm. types—may be similarly tabulated. 





G. E. 
RATING 


Day- Tung- 












NAVY | SPEED GROUP |light  sten |light  sten 

Ansco Superpan Supreme 5 64 40 | 80 64 
Negative 

DuPont Pan High Speed 125 100 

DuPont Superior—2 Pan 100 64 


Eastman Super XX 100 80 





These films are usually supplied in lengths of 100, 
200 and 400 feet. 

In addition, there is an altogether different type of 
16-mm. movie film. It is REVERSAL FILM. It is the 
kind which is used in the camera for making the origi- 
nal negative and then goes through a double proc- 
essing which makes it a positive for projection. 
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Get the distinction straight. In the processing of 
35-mm. film, the original negative is contact-printed 
onto a separate ribbon of film. That procedure cor- 
responds to the contact-printing of still pictures, ex- 
cept that for “stills” you usually use a photographic 
paper for the finished product, for movies a photo- 
graphic film. That also is true of 16-mm. non-re- 
versal film. But with 16-mm. reversal film there is 
no contact-printing. The separate roll of film is not 
used. The same film that was the original negative 
becomes the final positive. 

Reversal film is used when only one finished copy is 
intended. That is the case in most amateur work. 
When duplicate negatives and several positives are 
desired, non-reversal film is preferable. That is the 
case in most Navy work. To keep the record clear, it 
should be pointed out that positives made on reversal 
film can be duplicated. That, however, entails a 
cumbersome job which is not practical for general use. 

Reversal film, 16-mm., is supplied in two types—: — 


Panchromatic (black-and-white) . 
Kodachrome (color). 


Both come in 50-foot magazines or 100-foot rolls. 
The panchromatic is available in Navy speed groups 
of 25 and 100. Kodachrome daylight film (the only 
type which the Navy supplies) has a speed rating of 
about 12.5. | 

So far, the description of the kinds of motion pic- 
ture film has covered two of the classes—35-mm. and 
16-mm. used in the camera for making the original 
negative, and 16-mm. reversal used both for that pur- 
pose and for making the positive. One class remains 
—the positive film used in contact-printing. That 
will be dealt with when you reach the discussion of the 
printing stage in processing. 

First comes the development of original negatives. 
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FORWARDING FILM FOR PROCESSING 


Processing won’t always be your job. In some in- 
stances you may be required to forward your exposed 
film to a photo laboratory for processing as means to 
process it yourself may be lacking. 

Even though your film will be sent away for proc- 
essing, there are certain requirements for you to fol- 
low. 

Ordinarily, film will be shipped first to the Bureau 
of Aeronautics in Washington. The latest official di- 
rectives should be consulted on this point. BuAer 
forwards the film to the Photographic Science Lab- 
oratory, Naval Air Station, Anacostia, D. C. 

This is a new laboratory and “the last word”’ in sci- 
entific advancement. It has the most modern and 
efficient equipment, staffed by operators who are ex- 
pert in their specialties. 

If your film is to be forwarded, it is a wise plan 
for you to process a trial strip. It need be only about 
4 feet long, taken from either end of the roll. The 
test strip serves two purposes. 

Half of it (about 2 feet), together with in- 
formation as to developing time, temperature and 
formula, is forwarded with the roll of undeveloped 
film. This aids the laboratory in determining varia- 
tions in processing to produce the best possible results. 

You retain the other half of the trial strip. It is 
your protection against responsibility in the event a 
laboratory accident spoils or degrades the film. Ac- 
cidents do happen in the best-run organizations. The 
mishap might be such as to make it appear that you 
forgot to remove the lens cap and obtained no pic- 
tures at all, or that the pictures were ruined by under- 
exposure, or that something else was wrong in the 
photography. The test strip is your “proof” that 
there were pictures on the roll sent to the laboratory, 
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and that they contained no defects—or at least none 
except that which appears in the strip. 

Test strips may be made in the field even when a 
darkroom is not available by using a small outfit 
called a FIELD TESTER. A light-tight box contains three 
cans—one for the developer, one for the fixing bath, 
and one for the hypo. Attached to the side of the 
case is a black cloth forming two sleeves. When you 
put your arms in, elastic bands hold the sleeves tight 
around your arms. 

The film magazine attaches to the top of the box. 
You pull about four feet of film down through an 
opening. Place it consecutively in the three cans.. 
You have to do this without seeing the film. Only 
your hands and wrists are inside the box and you can- 
not see in. 

Use Kodak D-72 developer at 1-to-1 (diluted with 
an equal quantity of water). Use at 68° for 5 to 6 
minutes. 

When you have finished work with the short strip, 
cut it in ‘two, sending half to the laboratory and 
keeping the other half. 


The field tester also can be used if you wish to 
make a check when only part of the roll of film has 
been exposed. After attaching the magazine, pull 
a loop of film down into the box, develop it and cut 
it off at both ends. 

Reunite the remaining film temporarily by 
moistening the ends and “sticking” it together. 
This will hold it long enough to wind it back up in 
the magazine. 

This testing procedure in the middle of a roll j 18 
not recommended as a general habit. But it can be 
used when you think something may be wrong with 
the camera or film and you want to find out whether 
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you are getting satisfactory pictures—or any pic- 
tures at all. 


Forwarded with the film and half of the trial strip 
will be complete data regarding the subject, the date, 
and the photographing conditions. (Chapter 11 of 
this manual details what information is needed with 
film which is forwarded.) 

The package must be marked on the outside—“‘35- 
MM. (or 16) FILM, EXPOSED BUT NOT DEVELOPED.” 

In a climate extremely hot and damp, film should 
be processed within 24 hours after taking. If that is 
impossible, SPECIAL CARE MUST BE TAKEN IN PACKING 
it for shipment. Methods of desiccating (drying 
out) the material are discussed in Chapter 10, which 
deals with the care of photographic equipment. 

Damp film in the tropics attracts bacteria. And 
bacteria are known to eat with the keenest relish the 
gelatin layer from the film base. You can readily 
imagine how helpful this is to what once was a healthy 
latent image in the gelatin. 

If you are in a climate which is hot but not humid, 
the drying will not be necessary. Under that condi- | 
tion the most important precaution is to PROTECT THE 
-FILM FROM THE DIRECT HEAT OF THE SUN’S RAYS. 


TO DO IT YOURSELF 


Perhaps nine times out of 10, your film will be 
sent to a laboratory for processing. But what about 
that tenth time? You may have to be able to do it. 
Moreover, it is plain good business for you to be “in 
the know” regarding the processing routine. Even if 
you never have to do it, the knowledge will be an asset 
in your broad training as a photographer. 

Motion picture film is easily scratched, spotted and 
otherwise fouled up. Extreme care is necessary even 
in a well-equipped laboratory specially adapted for 
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such work. That’s why local processing is not recom- 
mended except when the film must be made available 
for immediate use. Moving pictures will be processed 
in the field only when the commanding officer specifi- 
cally directs that it be done. 

Develop, fix, wash, dry, print. It’s practically the 
same story for motion picture film as for still picture 
fim. The primary difference is the mechanical 
change necessitated by the fact that movie film is a 
long, narrow ribbon. 

There must be some way to obtain EVEN DEVELOP- 
MENT ALONG ITS ENTIRE LENGTH. There are four gen- 
eral methods of accomplishing that— 


Stineman reel. 

Deep tank and rack. 
Revolving drum. 
Automatic machine. 


The first two systems are the ones most frequently 
used by Navy photographers in the field. Stineman 
equipment is made for the processing of both 35-mm. 
and 16-mm. film. The deep tank and revolving drum 
equipment may be used for either 35-mm. or 16-mm. 
Automatic machines are manufactured for both sizes, 
but 16-mm. film cannot be developed in a 35-mm 
machine. 


STINEMAN REEL SYSTEM 


The Stineman reel looks like a huge main spring 
for a giant clock. It is made from a long, thin strip of 
non-corrosive metal. The strip is coiled on edge in a 
spiral from the center of the reel, around and around 
until it is two feet in diameter. The bottom of the coil 
is fastened to flat metal spokes upon which the film 
rests. Stineman reels are made in two sizes. One size 
reel will accommodate 100 feet of film, the other size 
200 feet of film. 
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The 35-mm. film to be developed is wound into the 
grooves with the emulsion side away from the reel 
center. (Figure 89 shows film in the reel.) 

This and all other subsequent steps are taken in 
complete darkness. 





Figure 89—Stineman reel and tanks. 


It is not difficult to load the reel. A simple wooden 
base is a help. The base is not supplied with the 
equipment but can be made easily. It should have 
two vertical rods about one-quarter inch in diameter, 
about 3 or 4 inches tall, and about 2 feet apart. The 
center of the Stineman reel is placed over one rod so it 
will spin. The roll of film goes over the other rod. In 
order to keep it an inch or so higher than the develop- 
ing reel, the film should be placed on a round metal 
platform, supported on the rod by a collar. 

The reel and roll, lying in their horizontal positions, 
can be rotated. Turn the reel in a counterclockwise 
direction. With your other hand, guide the film 
gently from the film roll into the grooves. During 
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winding, THE SLIGHTEST BEND ALONG THE LENGTH OF 
THE FILM WILL CAUSE STREAKS AND SCRATCHES. When 
the winding is complete, secure the end of the film to 
the reel with a clip. 

You are now ready to develop, using the three 
round shallow tanks (3 inches deep) that are fur- 
nished with the outfit. (See figure 89.) The developer 
goes in one tank, the short stop bath in another, and 
the hypo fixing bath in the third. The second tank 
also doubles for wash water after the short stop solu- 
tion has been poured out. 

Standard Kodak D-76 or D-72 developer is placed 
in one tank to a depth of about one and one-half 
inches. Two gallons will do it. With this smalk 
amount of developing solution, you can process 200 
feet of film at one time. Kodak D-76 takes longer but’ 
it is preferable for fine grain. Other developer formu- 
las such as D-8, D-11, D-19 are used to process movie 
films when varying degrees of contrast are desired for 
special or unusual work. 

The formulas are repeated here so they will be 
handy for you, with the quantities given in both avoir- 
dupois and metric weights— 


KODAK D-76 DEVELOPER FORMULA 


Avoirdupois Metric 
Water, 125° F. (50° C.) 96 ounces 8.0 liters 
Elon 116 grains 8.0 grams 
Sodium sulfite, desiccated 1314 ounces 400.0 grams 
Hydroquinone 292 grains 20.0 grams 
Borax, granular 116 grains 8.0 grams 
Cold water to make 1 gallon 4.0 liters 


Kodak D-76 should be used at 68° F. for 15 to 19 minutes. 
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KODAK D-76R (REPLENISHER) 


Water, 125° F. (50° C.) 96 ounces 8.0 liters 
Elon 176 grains 12.0 grams 
Sodium sulfite, desiccated 1814 ounces 400.0 grams 
Hydroquinone 1 ounce 80.0 grams 
Borax, granular 2 oz. 285 grains 80.0 grams 
Cold water to make 1 gallon 4.0 liters 


Add replenisher to maintain the level of the solution in the tank. 
This will increase the useful life of the working solution 5 to 
10 times. 


KODAK D-72 DEVELOPER FORMULA 


Water, 125° F. (50° C.) 64 ounces 2.0 liters 
Elon 180 grains 12.4 grams 
Sodium sulfite, desiccated 6 oz. 290 grains 200.0 grams 
Hydroquinone 145 grains 10.0 grams 
Sodium carbonate, desiccated 2 oz. 290 grains 80.0 grams 
Potassium bromide 29 grains 2.0 grams 
Cold water to make 1 gallon 4.0 liters 


Kodak D-72 should be used at 68° F. for 5 to 6 minutes. 


Dilute on a 1-to-1 ratio when ready for use by adding an equal 
quantity of water to the quantity of solution used. 


There is no replenisher formula for Kodak D-72. It is less expen- 
sive and has a longer life. When it is depleted in quantity or 
strength, a complete new batch is made. 


The film is agitated in the developer ONLY by gentle 
rocking of the tank, Nor by raising the reel in and out 
of the solution. 


With development completed, the reel is moved 


to the second tank for a short stop bath. The solu- 
tion in this tank consists of — 


Acetic acid (28% pure).......... 0. eee eee eee 12 fluid ounces 
WALCE 2665 56-050 aaa Sah oa tau see toran sor eae 2 gallons 


Eight ounces of potassium chrome alum may be added if you 
wish to harden the film while it is being rinsed. This will be 
necessary if the temperature of the solution exceeds 75° F. 
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GENTLY AGITATE the film for about 1 minute if only 
acetic acid and water are used, 2 or 3 minutes if potas- 
sium chrome alum is added. 

Tank number three contains the usual hypo fixing 
bath. The film should remain in this for twice the 
time it takes the film to clear, Just as with any other 
kind of film. As usual, the film is agitated for the 
first minute, and then two or three times at intervals. 

The formula for the standard hypo fixing bath 
(Kodak F-5)— 


Avoirdupois Metric 
Water, 125° F. (50° C.) 80 ounces 2400.0 cc. 
Sodium thiosulfate (hypo) 2 pounds 960.0 grams 
Sodium sulfite, desiccated 2 ounces 60.0 grams 
Acetic acid (28% pure) 6 fluid ounces 192.0 ce. 
Boric acid, crystals 1 ounce 80.0 grams 
Potassium alum 2 ounces 60.0 grams 
Cold water to make 1 gallon 4.0 liters 


The film is then ready for washing. The middle or 
rinse tank may be used for this purpose after the 
acetic acid solution is poured out. Washing for 20 
minutes or a half hour will usually suffice. 

Finally the film is removed from the reel for dry- 
ing. You use a piece of screening cut into the shape 
of a round disk, with its circumference or rim rein- 
forced by a circle of heavy wire. Place the screen on 
top of the washed film in the reel. Press it firmly 
against the edge of the film. 

Carefully invert the whole ensemble—turn it over 
so that the screen is on the bottom and the reel on 
top. Place screen and reel in the water tank again. 
Raise the reel with a gentle shimmying motion. The 
film will drop out of the reel and onto the screen in 
the water. The circular tank will keep the film coiled 
even though it is out of the reel grooves. 

The wet film is wound up carefully so that 1t may 
be carried to the drying drum. Use the wooden core 
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on which film comes. A wooden handle is driven 
into the center core of the spool. Place the inner 
end of the wet film against the core. Turn the handle 
slowly until the film is wound onto the core. 

Drying is of course a separate stage in the process- 
ing. Drying methods will be outlined after the other 
systems of developing are explained. 

“You have been told what to do in using the Stine-. 
man reel system. It is just as important to know 
WHAT NOT TO Do. Here are some “DON’Ts”— 


Don’t touch the emulsion of the film at any time. 
Don’t lift the reel except by the handle in the 
center. : 
Don’t try to put film in the reel when the reel is 
wet. Water drops are likely to splash and adhere 
to the film, tending to produce unevenly developed 
spots. , 

Don’t try to take film from the reel except by 
using the screen and turning the reel upside down. 
in water. If you did it when the film was right 
side up, the emulsion might be scraped off. 

Don’t rotate the reel while in the solutions. The 
film which has expanded in the water may tend to 
ride sideways and rub against the spiral walls, dam- 
aging the emulsion. | 

Don’t try to dry the film in the reel. It may 
stick and be ruined. 

Don’t put the reel away after using until it is, 
washed thoroughly. This is a photographic rule of 
cleanliness, most important in motion picture work. 

Don’t leave chemicals in tanks. The tank for the 
fixing bath is of non-corrosive metal. The other 
two are of ordinary metal and enameled in acid- 
proof lacquer. The less time any chemicals re- 
main in any container the longer will be the life of 
the container. There will be fewer stains and fewer 
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sludge deposits to be cleaned off. There will be less 
rust when small scratches penetrate enameled sur- 
faces. 

Don’t agitate the film rapidly or jerkily. It is 
all right to lift the reel up through the solution with 
a reasonably rapid movement as the film will be 
held in the reel. But do not push the reel back 
DOWN rapidly as the film will ride up and out of the 
grooves in the reel. This immersion should be done 
very gently. Movement of the film layers up and 
down in the reel should never be permitted. 


DEEP TANK AND RACK METHOD 


Chemical solutions used in processing motion 
picture film, and the general procedure, are the same 
regardless of method. Differences in the systems are 
solely differences in the means of immersing the film 
in the solutions. 


Therefore, directions for the remaining methods 
can be more brief than for the Stineman method. 


The Stineman system employs a shallow reel and 
shallow tanks. The main distinction between that 
and the deep tank and rack method is obvious from 
the very name of the latter. One is shallow, the other 
is deep. The rack performs the same function as the 
Stineman reel. 


Which is preferable is merely a matter of opinion. 
One advantage of the deep tanks and racks is that 
the same equipment can be used to develop either 
35-mm. or 16-mm. film. A disadvantage is that they 
require so much more solution. 

Tanks and racks vary in size. A standard tank 
may be about 934 inches wide, about 4 feet 4 inches 
long, and about 5 feet 2 inches deep. A tank of this 
size will hold four racks. 

The flat, rectangular rack is usually made of wood. 
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It consists of two side bars, 3 to 4 feet long, connected 
by two end bars. The latter pieces are attached 2 or 
3 inches from the ends of the side pieces. On the end 
bars are wooden pegs, spaced so that the film can be 
wound lengthwise around the rack. The pegs prevent 
the successive loops of film from overlapping. 

Racks usually hold from 100 to 200 feet of film. 
They slide into grooves on the inside of the tanks so 
they will remain upright. 

Three tanks are needed—one each for the devel- 
oper, short stop bath, and fixing bath. Sometimes 
they are made together in a single piece, with each 
of the two central! partitions forming the wall of the 


’ . tank on each side. They are made of wood, soap- 


stone or non-corrosive metal. Drainage from the 
bottom is provided. 

These tanks obviously require much more working 
solution than the Stineman tanks because they are so 
much deeper. Instead of 2 gallons of developer, you 
will need about 45 gallons. 

With such a volume of fluid, the bottom can be 
several degrees cooler than the top. (Warm water 
rises.) Therefore regular agitation is desirable while 
the film is in the developer. Also, it is wise to reverse 
the rack occasionally—turn it end for end. This will 
help promote over-all evenness of development. 

The film stays in the developer, the short stop bath, 
and the fixing bath for the same respective lengths 
of time as with the Stineman method. As previously 
mentioned, the formulas for the solutions are the 
same. 

Care in handling 1s equally important in the deep 
tank and rack method. If the film is wound too 
tightly on the racks, over-development will occur at 
each bend. If wound too loosely, the loops are likely 
to escape from the guide pegs and adjacent loops 
will scratch each other. 
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REVOLVING DRUM METHOD 


The name of the revolving drum method of de- 
veloping motion picture film is almost self-explana- 
tory. A cylinder, with the film wound around it, 
turns through the chemical solutions. 

Solutions are placed in shallow trays or troughs. 
The drum is mounted so that its lower part dips 
well into the solution but clears the bottom of the 
tray. 

The drum is revolved continuously so that the film 
is repeatedly passed through the solution. In addi- 
tion, the motion of the cylinder carries some of. the 
solution up and around with it. Thus the film 1s 
almost constantly in contact with the solution. 

Here again the film goes first through the devel- 
oper, then the short stop rinse, then the fixing bath. 
Formulas and times are about the same. Then it is 
ready for washing and drying. 

And here again, the desirability of this system as 
compared with those previously described is largely 
a matter of individual preference. This has one use, 
however, that is not afforded by the Stineman or 
deep tank methods. That is for processing 16-mm. 
reversal film—whereby the same film exposed in the 
camera becomes the positive for pro jection. 

In processing reversal film, it is first developed, 
stopped, rinsed, and then exposed to light again. 
With the film wrapped around a revolving drum, it 
will be exposed evenly when you turn on the light. 


AUTOMATIC MACHINE METHOD 


This is the tops. The “ultra” in scientific process- 
ing of motion picture film is the automatic machine. 
That’s the way it is done in Hollywood. That’s the 
way it is done in the Navy laboratories at Anacostia 
and Los Angeles. 
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These machines are too large and heavy for ship- 
board installation generally. They are too expensive 
and complicated for general use at shore stations. 
~You may never have to operate one. But you can 
get the gist of it in a few paragraphs. 

The machine develops both original negatives and 
contact-printed positives. 

The film is drawn continuously through the chemi- 
cal solutions, and then is dried and finally spooled 
at the output end of the machine. It is a non-stop 
trip. The average speed at which the film flows in 
and out of the machine is about 100 feet per minute 
for negative material, 120 feet for positive material. 

The time and degree of development may be varied 
by changing the length of the path which the film 
travels, or by changing the speed of travel, or both. 
Solutions are maintained at constant strength. Tem- 
peratures are accurately controlled. 





Figure 90—Motion picture developing machine. 
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For processing 16-mm. reversal film, the Houston 
machine is used. It does still more than the other 
automatic machine. THE FILM GOES IN HERE, IT GOES 
"ROUND AND ’ROUND, AND IT COMES OUT HERE—all 
done and ready for projection. In the Houston out- 
fit, this is what happens— 

The film from the camera is threaded into the 
machine. As it goes up and down, advancing from 
one end of the machine to the other, it is developed, 
stopped, rinsed, re-exposed, bleached, rinsed, re- 
developed, rinsed, fixed, washed, dried. When it 
is spooled at the end of the machine, it is com- 
pletely processed. It can go from there right into 
the projector. 


The average speed of the film’s movement through 
a Houston machine is about 25 feet a minute. These 
machines are installed on the larger aircraft carriers. 


DRYING THE FILM 


After washing comes drying. Several methods 
exist, ranging from the super-scientific to the crude. 

The most elite system, used at Anacostia and other 
major laboratories, can be dismissed with a few words. 
Likely you'll never come in contact with it. It is the 
AUTOMATIC DRIER. The ribbon of film moves con- 
tinuously from the darkroom, where it is developed, 
into a tall, glass-encased cabinet. It moves over 
rollers from top to bottom of the cabinet, again and 
again, advancing from one end to the other. When 
it reaches the end, it comes out onto a spool—dry. 

The DRYING DRUM is a sort of semi-automatic 
method. It is highly efficient, fast, and widely used 
in the Navy. Its operation will bear detailed descrip- 
tion. 

It is nothing more than an enlarged revolving 
“squirrel cage.” It is a bigger edition of the revolving 
drum used in developing. It consists of two or more 
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wheels turning on a common axle. Smooth wooden 
slats extend from end to end of the drum, fixed to 
the outer rim of the wheels. This forms a hollow open 
cylinder. 

You fasten the film by thumb tack or clip to a cross 
slat at one end of the drum. The emulsion side is out, 
so that only the base of the film touches the slats. 
Holding the spool of wet film in your hand, revolve 
the drum slowly to wind the film around its circum- 
ference. 


c1ass FOUR 





Figure 91—Drying drum for motion picture film. 


After each revolution of the drum, move your spool 
sideways a little so that the next round of film will not 
overlap. An inch between loops is ample spacing. 
When you reach the end of the film, thumbtack or 
clip it to one of the cross rungs. LEAVE SOME SLACK TO 
ALLOW FOR SHRINKING OF THE FILM AS IT DRIES. If it 
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is taut around the drum, the film is apt to break when 
it dries. A two-foot slack is ample for a 200-foot 
length of film. This allows the film to hang loosely 
away from the rungs. 

The winding is really a two-man job. As you hold 
the roll and unwind it, someone else can rotate the 
drum and swab the film as it wraps around the drum. 


This SWABBING PREVENTS WATER SPOTS by remov- 
ing all the excess surface water, and PROMOTES FASTER 
DRYING. The film should pass between two viscose 
sponges, two wads of cotton, or layers of a chamois 
cloth. Wet the swabbing material thoroughly and then 
squeeze out all excess water so it will be soft and 
absorbent. 

Hold the film gently between the swabbing ma- 
terial. A certain amount of foreign matter is always 
present. .To pinch the film too tightly can produce 
scratches that might ruin the whole roll. KEEP THE 
PRESSURE VERY LIGHT. 

When the drum is loaded with film, an electric 
motor spins it rapidly, drying the film quickly. 

Once or twice, as the drum revolves, a polishing is 
given to the base of the film. Insert a small roll of 
blotting paper between the film and the drum, one 
hand holding each end of the roll. Pull the blotting 
paper toward you so that a firm pressure is applied. 
Steadily move the blotter from one end of the drum 
to the other to keep it under the particular loop of 
film then passing over the blotter. This process will 
remove any grit or dust that might have clung to the 
back of the film. 

When a drying drum is not available, the Rack 
AND FRAME METHOD may be used. The film is wound 
onto a rack, made like the one used in developing 
by the deep tank and rack method. The film is wound 
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lengthwise around the flat, rectangular rack. It 
should be swabbed off as when loading it onto a drum. 


The rack fits into a frame so it can be spun. The 
spinning can be done manually. It will be faster and 
easier if a broom handle or some other rod is inserted 
in a hole where the rack fits on the frame. 


Still another drying method is crude but it will 
work. String a HORIZONTAL WIRE across a room, as 
high as practical. Hang up the freshly swabbed film 
by means of hooks through the perforations. Ordinary 
paper clips can be bent to make hooks, but care must 
be taken to prevent tearing the perforations, 


The length of film runs down from the wire almost 
to the deck and then is looped upward again, where 
it 1s fastened to the wire by another hook. Each 
successive hanging loop is spaced to prevent overlap- 
ping. The film hangs there until it is dry. Since it is 
motionless, the drying will take considerably longer. 
Results are less satisfactory by this method, and it 
should be used only as a last resort. | 


MOTION PICTURE POSITIVE FILM 


Your negative film is developed and dried. You 
are ready to produce the positive which will be used 
for projecting the movies onto a screen. — 

Enter now the second class of film which was listed 
back there at the beginning with the types of ma- 
terials used in motion picture work. The first class, 
remember, was that used in the camera for making 
the original negative. You’re through with that. 

Except in the case of 16-mm. reversal, the positive 
material is a separate roll of film. For making posi- 
tives directly from an original negative, the Navy 
uses a medium speed, normal contrast, non-color- 
sensitive emulsion on a clear base. 
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The base may be either nitrate (explosive) or ace- 
tate (safety). THE SAFETY BASE SHOULD ALWAYS BE 
USED IN PORTABLE PROJECTORS AND IN OTHER PRO- 
JECTORS NOT INSTALLED IN A FIREPROOF BOOTH. When 
adequate precautions against fire are provided, nitrate 
base is preferable as it holds its original size much 
better than safety film. 


When the original negative is valuable, or when 
cutting and editing is desired, a positive is made on. 
which all the editing work is done and from which 
a duplicate negative can be produced. For this pur- 
pose, a tinted base positive film is used. 


The following tables list the positive and duplicat- 
ing films most used in the Navy, with their purposes 
and some of their characteristics. (The term “release 
prints” means finished prints released for projec- 
tion. ) 


35-MM. POSITIVE AND DUPLICATING FILMS 





Ansco Medium speed, 


Black-and- White For release prints. normal contrast, 
Positive. clear base. 
DuPont Duplicating | For making duplicate} Yellow dyed, normal 
Negative. negatives. contrast. 

, Extreme fine grain, 
DuPont Fine Grain For making master low contrast and 
Master Positive. positive. low speed. 
DuPont Lavender 
Master Positive. For master positive. Yellow dyed. 
Medium and low con- 
Eastman Fine Grain For duplicating trast, yellow dyed, 
Duplicating. negatives. clear base. 
Eastman Fine Grain 
Black-and- White For release prints. Fine grain, normal 
Positive. contrast. 
For prints to be used 
Eastman Safety in portable pro- Non-inflammable. 
Positive. jectors. 
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16-MM. POSITIVE AND DUPLICATING FILMS 


For making duplicate 
Ansco Duplicating |negatives by contact Slow speed and 
Negative. or by reduction of Fine grain. 
385-mm. to 16-mm. 


For making contact © Slow speed, high 
Ansco Positive. prints from a 16-mm. contrast, fine 
negative. grain. 


DuPont Duplicating | For making duplicate| Yellow dyed, normal 
Negative, Type 306. negatives. contrast. 


DuPont Black - and - 
White Printing Posi-| For making release Available in clear 
tive, Type 60. prints. and tinted stock. 





The 16-mm. films are referred to as “sub-standard cine films.” 
They always have a safety base, as 16-mm. films are nearly always 
projected with portable machines and without the safety facilities 
needed for nitrate base. 


MAKING EXPOSURE TESTS 


Before starting to print positives, you need to 
know what exposure will be best. 

The thinner the negatives, the shorter will be the ex- 
posure necessary to print them or the weaker should 
be the printing light. A general photographic rule is 
that the development of any emulsion should be nor- 
mal, which means full development for best shadow 
detail with highlight modeling. The variable element 
is the exposure of the film to the light, in time interval 
or in intensity. . 

Three methods of making exposure tests will be 
explained here— 

By printing a test strip with the printing ma- 
chine at different exposures. 

By using a Sensitester. 

By visually matching a test strip with some 
“sample” film selected to range in exposure from 
dark to light. 

In the first method, the negative roll and positive 
roll are threaded into their proper positions in the 
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printing machine. Start the machine with the aper- 
ture control lever set at 5. After a very few frames 
have gone through, change the lever to 10, which 
increases the exposure. Then change it to 15 and 
finally to 20—all in a few seconds. 


Develop this test strip. Determine which of the four 
different exposures is closest to what you would like 
to see in a good positive. If number 10 is a little 
too light and number 15 is a little too dark, select a 
number in between which you feel will approximate 
the correct setting. If you wish to check this more 
exactly, run a second test strip, giving it two or three 
exposures between 10 and 15. 

This method takes considerable time. A faster one 
has been devised with an instrument called a sENsI- 
TESTER. In one step—one short exposure—it gives you 
all the necessary data on a strip of film less than one 
foot long. 

An enclosed light shines up through a strip of 
eleven negative frames to be tested, and onto a piece 
of unexposed positive film. Under the negative frames 
is a metal strip called the aperture plate. It has 11 
openings of various sizes, each next larger aperture 
admitting twice as much light as the previous hole. 
When the light is turned on for the standard interval 
(controlled by a timing arm), an exposure is given 
through eleven frames of negative to eleven frames 
of positive. 

Develop the positive strip. Since the negative film 
was of even density over all 11 frames, the positive 
strip will show a very dark scene on one end and a 
very light scene on the other. The film which was 
over the largest aperture, receiving a great deal of 
light, will be very dark. The frame at the other end 
will be very light. Between the two extremes you will 
find one of the 11 frames that is definitely the best. 
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Each of the 11 windows of the Sensitester has a 
number engraved on the printing frame. The num- 
bers run from 1 through 21 (the even numbers being 
omitted). These numbers print automatically on each 
of the positive frames. 

Note the number on the frame you choose as best, 
and set that number on the Bell and Howell printer. 
(The Sensitester is designed for use with that printer 
and the numbers on the two instruments correspond. ) 

A single number will represent the proper exposure 
to use in printing the whole roll onLy if the entire 
roll was originally exposed under the same conditions 
and has the same general density. If a roll contains 
scenes taken under differing conditions, additional 
test strips will have to be made. 

The roll of negative film is mounted on the Sensi- 
tester so it can be wound from one end to the other. 
When you come to a new scene, another test is made. 
At this point you notch the edge of the negative. A 
notch cutter is placed on the film edge and pinched 
together. The use of these notches will be further 
considered in discussion of the actual printing opera- 
tion. 

The third method of making exposure tests is a sort 
of “home-made” version of the Sensitester principle. 
It isn’t scientific but it is practical and has been used 
many times. 

You collect a series of SAMPLE NEGATIVE FRAMES. 
Say 11 of them, to use the same number employed in 
the Sensitester. These key frames have densities cov- 
ering a long scale from marked under-exposure to 
marked over-exposure. They may be selected from 
any available developed negatives. It is helpful, but 
not necessary, to have the same image on all of them. 

Assemble these frames in order and tape them on 
a piece of ground glass over a light source. Opposite 
each frame mark the correct printing time to obtain 
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the best positive. These times will have been deter- 
mined by tests on these particular key frames. 
_ Place the new negative film you are to test next 
to the graduated sample frames. Select the key frame 
which most closely matches the general density of the 
new strip. Then, in printing, use the exposure which 
was used in printing the matching key frame. 
Naturally this cannot be as nearly perfect as on 
actual Sensitester strip. But as a simple and rapid 
expedient when a Sensitester is not available, this 
method serves quite well. 


PRINTING THE POSITIVE FILM 


You're on the home stretch now. You have proc- 
essed your negative and determined your printing ex- 
posure. Next comes the printing of the positive film. 

The printing machine is used in a room dimly 
illuminated by a red or orange safe-light. The nega- 





Figure 92—An optical printer. 
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tive and positive films are threaded, emulsion to emul- 
sion, into the machine. The negative is nearest to the 
printing light so that the light passes through it onto 
the positive. 

Set the exposure scale to the number determined 
by the test strip. Start the motor. The two films— 
negative and positive—proceed through the printer 
with a continuous action. The film 1 is in motion dur- 
ing the exposure. 

Now about that notch business. Suppose the roll 
of film you are printing has different scenes requiring 
different exposures. In making the test, you deter- 
mined the various exposures necessary and you have 
this data before you. Remember that you made a tiny 
notch in the negative to indicate each variation in 
printing exposure. 

After the film has been started through the printer, 
set the scale to the exposure for the second scene. The 
exposure will not change at the time you change the 
scale. But when the notch on the negative comes 
along, it will activate, electrically, a clutch which 
shifts the next selected aperture into position. This 
brings the printing light to the correct predetermined 
intensity for the new section of the film. Thus the 
final strip will be of proper uniform density. | 

By use of an optional printer, 35-mm. pictures can 
be reduced to 16-mm., or 16-mm. can be enlarged to 
35-mm. In figure 92, a 35-mm. negative is being re- 
printed on 16-mm. positive film. The 35-mm. film 
moves from the large spool at the top to the one at 
the bottom. The 16-mm. film moves from the lower 
magazine at the extreme right to the upper one, and 
must then be developed. 


DEVELOPING THE POSITIVE 


This explanation won’t take long. The positive 
film is developed in the same way as the negative 


309 


film. Any of the methods described previously can 
be employed—Stineman, Smith, deep tank and rack, 
revolving drum, automatic machine. 

The only change is in the developer solution. A 
positive film developer such as Kodak D-16 is used. 


KODAK D-16 DEVELOPER FORMULA 


Avoirdupois Metric 

Water, about 125° F. (50° C.) 144 gallons 6.0 liters _ 
Elon 36 grains 2.5 grams 
Sodium Sulfite, desiccated 10 oz. 285 grains 319.0 grams 
Hydroquinone 1 oz. 282 grains 49.0 grams 
Sodium carbonate, desiccated 5 oz. 150.0 grams 
Potassium bromide 100 grains 6.8 grams 
Citric acid 80 grains — 5.5 grams 
Potassium metabisulphite 176 grains 12.0 grams 
Cold water to make 2 gallons 8.0 liters 


Kodak D-16 should be used at 68° F. for 7 minutes, with more 
or less time for greater or less contrast. 


Replenisher solution formula Kodak D-16R should. 
be added to the tank as needed to make up for de- 
veloper carried out by the film. The activity of the 
developer thus will be kept approximately constant. 


KODAK D-16R (REPLENISHER) 


Avoirdupois Metric 
Water, about 125° F. (50° C.) 8 quarts 3.0 liters 
Elon 18 grains 1.2 grams 
Sodium Sulfite, desiccated 5 oz. 140 grains 151.0 grams 
Hydroquinone 1 oz. 85 grains 34.0 grams 
Sodium carbonate, desiccated 5 oz. 30 grains 144.0 grams 
Citric acid 40 grains 2.6 grams 
Potassium metabisulphite 88 grains 5.7 grams 
Cold water to make 1 gallon 4.0 liters 


Note that Kodak D-16R contains the same chemicals as Kodak 
D-16 with the omission of potassium bromide. 


SPLICING 


One phase in the handling of motion picture film 
remains. It is splicing. There isn’t a great deal to 
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it, and yet good splicing is so important that too much 
emphasis cannot be placed on it. 

Splicing means joining the film again after it has 
been cut or accidentally torn. In editing (which will 
be considered in Chapter 8 on Motion Picture Tech- 
nique), the film is cut to eliminate unnecessary or 
undesirable parts, to rearrange ie order of the scenes, 
or to insert titles. 


Place the two ends of the film to be joined in the 
splicer, which consists of a right and left clamping 
device. The clamps engage the film perforations in 
such a manner that the film on the right side and that 
on the left, will be set properly. The splice is made 
midway between two frames so that the image on the 
screen will not show the splice. 


In splicing, the ends of the film have a small over- 
lap. Both surfaces which are to touch in the splice 
MUST BE SCRAPED CLEAN OF EMULSION, clear down to 
the base. Special scrapers are provided which will 
clean a strip of the proper width for overlapping, or 
it can be done with a razor blade. To soften the emul- 
sion so it can be scraped off more easily, moisten the 
ends of the film with saliva or a damp cloth. 


When the film ends are clean, apply a special 
cement. Put the two ends together. Apply pressure 
for about 10 seconds while the cement sets. With a 
soft cloth such as an old linen handkerchief, wipe off 
any excess cement. 

A cement that is highly recommended for this pur- 
pose is made up as follows— 


Acetone 80 ce. 
Ether 10 ce. 
Glacial acetic acid 1 ce. 


6 inches of 85-mm. film base, completely cleared of emulsion. 
The film is dissolved in the acetone. 
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CHAPTER 8 
MOTION PICTURE TECHNIQUE 
THE "FINE TOUCH" 


CINEMATOGRAPHY is a high-sounding word. But 
cinematography—motion picture photography—is an 
art which justifies the fancy name. It embraces a 
broad proficiency in all of the talents which combine 
to produce superior moving pictures. 

The first requisite is thorough knowledge of the 
cameras, the film and the processing. You have laid 
that foundation. But you can’t do business with a 
foundation alone. On it you must build the technique - 
which will round you out into a cinematographer. 

The “fine touch” is what you’re after. To apply 
your basic knowledge of equipment and materials, 
you must acquire a skillful technique. Many elements 
are included—steady operation of the camera, com- 
position, “getting the story,” planning scenes and 
sequences, lighting, exposure, editing. 

Well indoctrinated in these fundamentals, you 
won't be likely to muff what might otherwise be the 
newsreel scoop of the year or the scene on which 
major battle strategy will depend. 
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STEADY DOES IT! 


If there’s anything more annoying than a blurred 
still picture, it’s a “jerky” motion picture. It is just 
as important to hold the camera steady in movie work 
as in still work—perhaps even more so. 

ALWAYS USE A TRIPOD. Let that be your rule. 
Then, as every good rule has exceptions, you can 
resort to hand-held operation when circumstances ab- 
solutely dictate. These exceptions, however, are few 





Figure 93—A Mitchell camera on a tripod. A sunshade is attached to the lens. 


and far between. Even the lighter weight cameras 
which are sometimes called “hand-held cameras” can 
be used far more effectively if they are mounted on 
a tripod. 

It has been suggested, by way of emphasis to this 
rule, that every camera ought to be WELDED to a 
tripod. That, of course, isn’t practical. But it will 
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be a good idea for you to regard your camera and 
your tripod as being that inseparable. The best mo- 
tion picture photography is positively dependent on 
a, tripod. 

A tripod—that three-legged support with a flat 
platform (called a “head’’) on which the camera rests 
—is not such an awkward device as it might appear 
to be. With practice, you can maneuver a camera on 
a tripod as quickly as when you are holding. it in 
your hands. 

Tripods are classified according to the type of 
head— 


Friction. 
Gear. 
Gyro. 


The friction head holds the camera in position by 
means of clamps or set screws. They can be locked 
tight so no movement is possible. They can be loos- 
ened enough to permit you to move the camera, yet 
tight enough to hold the camera in any position you 
desire. They can be loosened entirely so the camera 
can be swung freely in any direction, with control 
maintained by hand. 


Speaking of moving the camera freely may 
sound like a contradiction to the advice to hold it 
still. What is meant, however, is that the camera 
is moved on the tripod only between scenes, as a 
general practice, and kept motionless during the 
actual shooting. Moreover, there is a way to get 
good pictures with srEaDy movement of the camera, 
as you will see shortly. 

Geared tripods operate by means of two cranks. 
They turn cog wheels that control horizontal and 
vertical motion. One crank rotates the camera from 
left to right, the other tilts it up and down. Both 
cranks may be turned in either direction. 
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The principal use of geared tripods is in sound 
studios for heavy cameras. They are intended for use 
WITH ELECTRIC MOTOR-DRIVEN CAMERAS because the 
operator needs both hands free to manipulate the 
cranks. | 

Gyro tripods also are principally for studio work, 
but as they are not silent in operation they cannot 
be used in connection with sound. Movement of the 
gears causes a pronounced whirring which would be 
picked up by the camera’s sound mechanism. 

This tripod operates on the gyroscopic principle 
with two independent sets of gears. They are set in 
motion not by cranks but simply by turning the 
camera. Horizontal movement of the camera starts 
one set of gears spinning, vertical movement the other 
set. 

The gears offer resistance to the motion of the 
head. Sudden starts and stops are impossible. Thus 
the gyro tripod is unexcelled when the camera must 
be moved while shooting. 

Some friction and geared tripods are fitted. with 
a long handle for moving the head in any direction. 
With other models, the head is moved by moving 
the camera. 

One important aid in the use of the tripod indoors, 
or outdoors on smooth, hard surfaces, is the TRIANGLE. 
This is a flat, triangular base. It has sockets for the 
bottoms of the tripod legs and holds the tripod rigidly 
to prevent spreading of the legs. When equipped 
with wheels, the triangles are called DOLLIEs. 

The three legs of the tripod are adjustable for 
length. Don’t over-extend them. That is a common 
fault among inexperienced cameramen. Unless cir- 
cumstances dictate otherwise, the operating lens of 
the camera should be about shoulder height with the 
tripod legs set at an angle of 40° or 45°. 
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HAND-HELD OPERATION 


If you Must use the camera without a tripod, 
there’s a right and a wrong way to do it. 

One such occasion might be on shipboard when 
the vessel is rolling and pitching and when the picture 
will include the horizon. By moving your arms and 
body, you can keep the camera relatively steady with 
relation to the horizon. If, however, you purposely 
want to show the violent rolling, it is better to have 
the camera on a tripod, which will pitch with the ship. 

Another possible exception might be necessary 
when shooting from the cockpit of a small airplane. 

And again, some sudden and unexpected action 
might arise when you haven’t time to mount the 
camera on a tripod. NEVER MISss THE PICTURE even 
though you must take it without a tripod. 

In hand-held operation, make every effort to hold 
the camera as steady as possible. Brace yourself 
firmly, spread your legs about 2 feet apart, press 
your elbows tightly against your sides. Then take a 
deep breath and hold it while shooting the scene. 
‘You can do that easily for an average scene, which 
runs only 15 or 20 seconds. 

If possible, put the camera on a stationary object 
such as a post or rail. Rig up something to use as a 
substitute when there is no chance to use a tripod. 
An ordinary walking stick or cane with a screw on 
top to hold the camera is better than nothing. Some 
photographers devise a telescoping piece of pipe 
which is adjustable for length. 


PANNING 


It is a natural impulse to move a movie camera. 
Curb that impulse! As a rule, it’s the suBJEcT that 
moves, NOT THE CAMERA. 

Once more an exception must be allowed. There 
are times when it is necessary to follow a moving 
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subject or to include all of a large object or area. 
This is called panoramic shooting, or “panning”’ for 
short. : 

AVOID PANNING WHENEVER POSSIBLE. Use this pro- 
cedure only when nothing else will do! 

When panning is mandatory, it requires great care. 
It is not merely a matter of waving the camera 
around. In the first place, all the rules for srEapy 
operation apply. The importance of a tripod is 
doubled when the camera is to be moved while shoot- 
ing. 

Move the camera very slowly—THE SLOWER THE 

BETTER. This is especially urgent with a lens of long 
focal length. Since it is magnifying the image and 
narrowing the field, normal camera movement across 
the field will produce a jumpy sequence in projec- 
tion. : 
If the subject permits use of a filming speed faster 
than the normal of 24 frames a second, speed it up. 
This will help compensate for the panning movement 
of the camera—which even so should be slowed down 
to a crawl. , 

Only for one purpose is fast panning desirable. 
That is in making a “swisH PAN.” The image is 
deliberately blurred. This stunt is employed as a 
means of shifting attention from one scene to an- 
other. The swish pan belongs for the most part to 
the Hollywood movie industry, but used with dis- 
cretion it can increase the interest and effectiveness 
of a Navy film as well. 

Pan action from left to right is the most accept- 
able. In photographing tall objects, it is usual to 
start at the bottom, panning up to the top. 

Always START AND END THE SEQUENCE WITH A 
STILL SHOT. Hold the camera still for a few seconds, 
then pan, then hold the camera still again before stop- 
ping the exposure. 
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Remember that in most situations, a series of short 
scenes with the camera motionless will produce better 
results than panning. 


FOLLOWING A MOVING SUBJECT demands panning, 
of course. Shots of near-by planes in action are an 
example. In this type of work it is important to 
“lead” the subject so it does not fall out of the frame. 
Correct balance can be maintained by keeping the 
subject about one-third of the way into the frame, 
allowing it two-thirds of the picture area in which 
to move. 


Avoid getting too far behind a subject, such as a 
plane, and then attempting to bring it back quickly 
to the center of the frame. The subject will appear 
on the screen to be going alternately forward and 
backward. 


If a fast. plane is passing so close that you would 
have to practically swish the camera to follow it, don’t 
waste your film. If you are aboard a craft going in 
the direction opposite to that in which the subject is 
moving, you'll have to be a considerable distance away 
to get a passably smooth picture. 


Take a chance, however rather than miss a good 
picture. If some rare or important incident occurs and 
you have to pan rapidly or miss it altogether, then 
swing and fire away. The result won’t be too clear 
but maybe it will show something which otherwise 
would be lost completely. 


COMPOSITION 


A good artist painting a scene carefully plans each 
inch to make a harmonious whole. Proper location of 
the principal points of interest, effective relationship 
of foreground and background, suitable contrasts in 
tone and lighting—these are among his aims. This is 
composition. 
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You should strive to be just such an artist in cine- 
matography. It won’t always be possible, naturally. 
In the heat of a battle action, you wouldn’t have time 
to arrange each scene precisely to produce a harmoni- 
ous composition. But even under the greatest stress, 
you'll have to do more than just point the camera in 
the right general direction and start shooting. 

All of the fundamental rules of good composition 
in still photography (discussed in Chapter 5 of Vol- 
ume I) apply in motion picture photography. In one 
respect they are even more important. Still photo- 
graphs can be “doctored up” in printing by dodging, 
masking and cropping. That doesn’t go for movie 
film. What appears on the screen will be exactly what 
you see in your viewfinder. 

The problem of composing motion pictures is com- 
plicated by another fact too. All subjects must be 
fitted into a horizontal composition. Still cameras may 
be turned either horizontally or vertically. Movie 
cameras can’t. Whether the subject is an aircraft car- 
rier or a high control tower, it must be located in the 
picture area with the long dimension horizontal. 

Moving pictures may well be planned in horizontal 
and vertical thirds. In your mind’s eye, draw lines to 
divide the ground glass of your viewfinder into three 
equal parts across and up-and-down. This will help 
you avoid the monotony—and the poor composition— 
of forever having the principal point of your subject 
right smack in the middle of the picture. 

Put a battleship, for example, in the lower third of 
_ the picture area. Put a plane, if it is in level flight, 
in the upper third. Also, as was mentioned in the dis- 
cussion of following moving subjects, put the plane 
in the left third (if coming from the left). 

Confusing lines and light areas near the edges of 
the frame are especially distracting in motion pic- 
tures. Exactly as in still photography, the stronger 
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contrast should be near the point of interest. Avoid 
too much detail in a long shot because the eye cannot 
take in distant detail at a glance. 


LIGHTING AND EXPOSURE 


Closely allied with compositions are lighting and 
exposure. They will vary, obviously, with circum- 
stances. 

For general scenes, a flat lighting is built up and a 
modeling light used for definition. This is almost the 
reverse of the accepted procedure for most still pho- 
tography, when contrast in lighting may be the domi- 
nant aim. | 

However, the methods and amounts of lighting in 
moving picture work should be tied up with the type 
of film. Flat lighting can be used with contrasty film 
and contrast lighting with softer film. 

In scenes with people, the principal characters can 
be brought out from the background or separated 
from other characters by means of lighting. In out- 
door photography it is well to use reflectors or even 
artificial light to fill in and provide detail in the 
shadows. 

While proper lighting is essential to the best mov- 
ing pictures, there will be times when you can’t be 
too choosey. Great pictures have been missed because 

the photographer felt there was insufficient light. 
~ When the opportunity warrants a gamble, take it. 
One good hit justifies many a miss. 

The problem of exposure is no more difficult for 
motion pictures than for still pictures. You saw in 
the discussion of cameras and films that three main 
factors control exposure—lens diaphragm, shutter 
opening, speed of camera. Secondary factors are the 
speed of the film and the use of filters. 

INCREASE THE SIZE OF THE LENS DIAPHRAGM OPEN- 
ING WHEN INCREASING THE CAMERA SPEED. Suppose 
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that an aperture of f/6.3 is determined as best for a 
certain scene and camera at the normal speed of 24 
frames per second. Then this example will indicate 
the changes in exposure with changes in speed— 
Frames per second.. 16 24 82 48 64 128 
Aperture f/ ........ 8 68 56 45 4 2.8 

The relationship between shutter opening and cam- 
era speed is shown in the following table, which gives 
the actual exposure in fractions of a second— 


RELATIVE SHUTTER EXPOSURES 


SHUTTER OPENING PICTURES PER SECOND 
IN DEGREES 
24 32 4:8 128 
170 1/51 1/68 1/102 1/272 
160 1/54 1/72 - 1/108 1/288 
150 1/57 1/77 1/114 1/804 
140 1/60 1/82 1/120 1/328 
130 1/66 1/88 1/182 1/852 
120 1/72 1/96 1/144 1/896 
110 1/78 1/104 1/156 1/416 
100 1/87 1/116 1/174 1/464 
90 1/96 1/128 11/192 1/512 
80 1/108 1/144 1 216 1/576 
70 1/128 1/164 1/246 1/648 
60 1/144 1/192 1/288 1/768 
50 1/182 1/280 1/364 1/920 
4.0 1/216 1/288 1/432 1/1152 
30 1/288 1/384 1/576 1/1536 
20 1/482 1/576 1/864 1/2304 
10 1/864 1/1152 1/1728 1/2608 





As in still photography, faster film requires less 
exposure and the use of filters ordinarily requires 
more exposure. 

VARIATION OF SPEED 

“Slow motion” means fast camera speed. That 
doesn’t make sense? Reason it out. 

Say you step up your camera to a rate of 128 
frames per second. The film moves so fast that there 
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is only an exceedingly slight amount of movement 
in your subject from one frame to the next. Then 
the film is projected on the screen at the normal speed 
of 24 frames a second. It takes more than five times 
as many frames to show the same movement as would 
be the case if the picture was taken at a speed of 24. 
The action appears only a fifth as fast as it actually 
was. 


Slow-motion effects are extremely valuable in the 
study of fast operations. You can, for example, 
“lasso” a dive-bomber so that its run can be observed 
much more minutely. 


To hold the speed of an action down somewhere 
below normal, but not to such an extreme as com- 
plete slow-motion, the camera may be set somewhere 
between 24 and 128 frames a second. Such is the 
case, for example, in nearly all aerial motion picture 
photography. 

By reversing the procedure you can speed up an 
action. By cutting down the camera speed to 8 frames 
a second, a battleship could be made to race through 
the water like a PT boat. “Fast-motion” does not 
have nearly as much application as “slow motion.” 
One instance, however, is in making titles, when it is 
advisable to use only 4 frames a second. 


Some cameras can be held clear down to 1 frame 
per second—single frame operation. This is used in 
obtaining special effects and in creating animation. 


Animation is created in two general ways. A series 
of drawings is prepared so that when they are filmed 
and projected the objects seem to move. Or an actual 
object may be used and its position changed a little 
for each pic.ure. Training films use this technique 
frequently. You are also familiar with it through the 
cartoons shown at commercial theaters. Animation is 
a specialized branch of motion picture photography. 
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In any change of camera speed, remember that ex- 
posure changes. When the camera is operated at 48 
frames per second, the shutter is open just half as 
long as at the normal of 24. That means the lens must 
be opened wider to let in more light. 


PLANNING SCENES AND SEQUENCES 


Variety is the spice of motion pictures. Variety in 
distance and angle. Variety in viewpoint and perspec- 
tive. Variety in lengths of scenes. 

Adept COMBINATION OF CLOSE-UPS, MEDIUM SHOTS 
AND LONG SHOTS will contribute greatly to the finished 
product. Use long shots to establish location, and 
move to medium and close-up views to maintain in- 
terest. Resist the urge to take in a sweeping area with 
every scene. Generously used close-ups are indispens- 
able. 

Shoot scenes from different angles. Then in editing 
the most interesting can be chosen for incorporation 
in the finished film. Try for new and unusual angles 
but be careful of any freak stuff. Overlap shots about 
40 to 50 frames so that latitude in editing will be 
possible. 

Keep in mind that angle means viewpoint, not 
just tilting the camera. 

Shot focal length lenses will widen the area cov- 
ered, long lenses will narrow it. Wide apertures can 
be used to keep the background out of focus and thus 
concentrate attention on the foreground. If the illu- 
mination is too great to permit a wide aperture, re- 
duce the shutter opening or use a neutral density 
filter. 

Be careful to maintain the same depth of field when 
changing lenses. To have the background in focus in 
one scene and out of focus in the next may insert an 
element of distraction that could ruin the effect for 
which you are working. 
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Similarly, if you use a filter in one scene, use it in 
the next. Otherwise a disturbing change in tone, con- 
trast and effect may materialize. 


Novice cameramen are prone to take scenes either 
too long or too short. Excessively long scenes waste 
film, because the editor will promptly throw part of 
them away. Excessively short scenes produce a 
choppy appearance on the screen, and besides the 
audience isn’t able to grasp the details. 

There can be no set formula for scene lengths. It 
depends on the character of the action. As a general- 
ization, it may be said that when the action is not 
changing in character, about 8 seconds is the mini- 
mum and about 40 seconds is overdoing it. 

Short scenes may be effectively interspersed with 
medium and long scenes. You don’t take them in al- 
ternating order. The editor fixes them up. Just be 
sure he has enough to work with. 

In analyzing the scene and planning the sequence, 
be always mindful that “the story’s the thing.” 


GETTING THE STORY 


“He has a nose for news.” That is said of good 
newspapermen. Let it be said of you as a motion pic- 
ture cameraman. 


The “nose for news” is the ability to sense the pres- 
ence or approach of an interesting or important de- 
velopment. To some extent it is a born gift. Yet it 
can be acquired in large measure by diligent effort. 


Make a point of being constantly on the alert for 
a worth while motion picture. You will be wriTING 
HISTORY IN PICTURES. Think of what subjects will be 
of the most interest to the greatest number of people 
in your day and in the world of tomorrow. 


Make and keep your presence known to the com- 
manding officer and other officers present. Attempt 
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to keep abreast of what is taking place. Many an in- 
teresting and historically valuable picture has been 
missed because the photographer wasn’t told what 
was going on. Ask to be notified immediately if any- 
thing should arise which might be of interest to you 
photographically. 

Although your assignment may call for strictly 
military photography or for meeting some specific 
documentary or training need, still you should strive 
to MAKE YOUR PICTURES TELL A STORY. 

No other photographic medium offers greater op- 
portunities for telling a story. Pack your scenes with 
ACTION. That’s what a movie camera is for. Leave the 
posed pictures for the still camera. Play HUMAN IN- 
TEREST for all it’s worth. 


FILMING IN THE SKY 


Aerial motion picture photography is one of the 
most interesting assignments for Photographer’s 
Mates. It’s fun. But it’s plenty of work! 

Take the technique for aerial still photography. 
Add the technique for ground motion picture photog- 
raphy. Add a few more points. The sum is the tech- 
nique for aerial motion picture photography. 

Inasmuch as this work is largely a combination of 
things you already have learned, only the additional 
requirements peculiar to shooting movies in the air 
need be considered here. 

Variations in aircraft make it hard to prescribe a 
set of rules on the best positions for shooting. Gener- 
ally speaking, however, it is advisable in a large plane 
to take a position in the nose or well aft. In either 
position the angle of vision is fully adequate and it 
is seldom necessary to take pictures at right angles 
to the craft. 

Movies taken at right angles from a plane tend 
to be choppy. The subject goes past faster so 
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your shooting time is shorter. Unless your sub- 
ject is quite a distance away, you won't get 
enough of it to make a clear sequence on the 
screen. | 

When you can aim your camera a little forward 
or aft, the subject will stay in your field of view 
longer. An exceptional circumstance, under 
which you could film at right angles as long as 
you wanted to, would be when you were shoot- 
ing another plane flying parallel to yours at simi- 
lar speed. 





Figure 94—SNJ's over Pensacola, Florida. 


You may be compelled to shoot at right angles in 
a plane of the open cockpit type, where the shooting 
field is broken by wing and tail surfaces. 

The camera should be on a firm support. It is some- 
times possible to lash a standard tripod securely in the 
position required. When the largest cameras are used, 
a special support may be designed to fit the machine- 
gun mount, or an attachment may be made for a ver- 
tical still camera mount. If hand-held operation is 
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imperative, the previously stated regulations for that 
procedure must be enforced. 

‘UsE THE LARGEST POSSIBLE SHUTTER OPENING 
WHICH WILL STOP MOTION. Contrary to popular be- 
lief, a narrow shutter opening will not neutralize the 
effect of vibration. While each picture may be sharper 
with a small opening, they will be apt to flicker when 
projected. It is better to sacrifice extreme sharpness 
than to have too great an interval of object move- 
ment between frames. 

With cameras of fixed shutter opening, such as the 
Eyemo, this problem, while not solved, permits no 
adjustment. On variable shutter models, the shutter 
should not be closed down beyond the 100° mark. 

To compensate for the speed of the plane, CAMERA 
SPEED SHOULD BE HIGHER THAN NORMAL. This will 
reduce the interval between frames and slow down 
the action on the screen. Dependent upon the speed 
and altitude of the plane, a shooting speed of 32 to 
48 frames per second should be used to obtain normal 
effects in projection. As increasing altitude takes you 
farther from your subject, the camera speed can be 
reduced without resultant flickering on the screen. 

Because of the forward speed and vibration of the 
plane, it is NOT ADVISABLE TO USE LONG FOCAL LENGTH 
LENSES. Even the most experienced cameramen find it 
impractical to use a lens with a focal length of more 
than 6 inches. The normal angle lens will give the 
best results. 

With rare exceptions the lens should be set for 
infinity focus and locked in that position. 

The composition of the image in the viewfinder is 
similar to that for any aerial still photo, vertical or 
oblique. The one striking difference is that in movie 
work you must reach the final degree of composition 
in the viewfinder. Cropping, enlarging, reducing— 
which can alter the composition of still pictures by 
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changing the area included in the scene—is not pos- 
sible in motion pictures. 

The camera must be trained on the subject in much 
the same manner that an aerial machine-gun is held 
on its target. The cameraman must learn through 
practice the art of following through, shedding the 
plane’s slip-stream of air current, and protecting the 
camera from vibration. 


In all phases of the job, cooperation between pilot 
and photographer is essential. The entire sequence of 
events should be discussed and planned—insofar as 
they are known or predictable—before the take-off. 


EDITING 


A final polishing smooths out the rough spots and 
gives lustre to the finished motion picture produc- 
tion. Organization of scenes and sequences, elimina- 
tion of “dead wood,” and insertion of titles is called 
EDITING. No phase of cinematography is more im- 
portant. 


The movie editor may be likened to the rewrite man 
in the newspaper office. He takes the “first draft’’ 
submitted by the reporter-photographer and whips it 
into shape for the final showing. Intelligent and 
imaginative editing can enhance the value of even the 
best original. It can pep up a listless film. It can atone 
for many photographic sins. 

Seldom can moving pictures be taken in exactly the 
order in which they should be shown to the audience. 
The first task in editing, therefore, is one of arrange- 
ment. Logical development of the story often sug- 
gests placing certain scenes ahead of others which 
were filmed first. 

Sometimes chronological order should not be dis- 
turbed. A film of a battle action, for example, should 
generally remain in the order in which it was taken. 
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The order of events may be of considerable impor- 
tance in studying the pictures. 


Even so, however, editing can achieve a balance of 
close-ups, medium shots and long shots, and scenes 
of short, medium and long footage. This provides a 
change of pace which helps maintain interest. The 
editor should never overlook the advantage of the 
close-up for holding value and for illustrating specific 
points forcefully. . 





Figure 95—A step in editing. 


The editor may purposely create moods by judi- 
cious cutting and arrangement of scenes. Generally 
speaking, a rapid succession of short scenes inspires 
an effect of speed or danger while a succession of long 
slow-moving scenes reflects tranquillity of calmness. 


Captions or explanatory words which are inserted 
at intervals in a production are called TITLEs. They 
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are a “must’’ in silent movies. They are also employed 
effectively in sound movies even when the pictures 
are described by spoken commentary. 

Motion picture titles are filmed with any regular 
movie camera. Pictures of the words are taken. The 
principle of photographic copying (explained in 
Volume I, Chapter 12) is applied. 

Titles may be set in type and printed or they may 
be hand-lettered, typewritten, chalked on a black- 
board, or copied from printed matter. Brevity is vital. 
At a projection speed of 11% feet per second it is cus- 
tomary to take a foot of film for each three words 
in the title. 

If titles are taken with positive film in the camera, 
they will have greater contrast and snap. When the 
original title to be copied consists of black letters on 
a white card or paper, the use of positive film will 
produce white letters on a black background. That 
makes for easier reading. The original positive film 
copy may be spliced into the sequence, or another 
reversed print can be made from the positive. 

When there has been a lot of editing, it is often 
advisable to make another negative of the entire film. 
‘rom the new negative, as many final positives as are 
necessary can be made. 


VISUAL TRAINING AIDS 


Training films, both in motion pictures and slide 
film, have assumed greatly increased importance in 
the Navy. They are a supplement to teaching, corre- 
lated with books, charts and blackboards. They are 
designed to aid the teacher, not to replace him. 

An instructor can, in effect, take his class aboard 
ship, into the air, onto the gunnery range, into a shop 
or laboratory. 

The photographic division of the Bureau of Aero- 
nautics includes a training film branch staffed by ex- 
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perienced men who serve as production supervisors 
and educational officers. 

Whether the training pictures are movies or stills 
for slide film, procedures are basically the same. 

The photographer must keep foremost in his mind 
the idea of teaching qualities rather than dramatic or 
scenic qualities. 

In most cases you will be given an outline or 
scenario. It will state what pictures are wanted. Often 
it will prescribe the desired camera angle, the camera- 
to-subject distance, and other data. 

FINE DETAIL Is most essential. That requires ample 
lighting and sharp focusing. Usually the subject is 
made as large as possible unless there are instructions 
to the contrary—as, for example, when long shots of 
planes or ships are wanted for identification training. 

Don’t let peculiar angles cause distortion. A com- 
pletely accurate rendition must be retained. The sub- 
ject must be shown in its true shape and form. 

Clean, plain backgrounds are always desirable. 
Non-essentials in the picture tend to distract from the 
subject. 

Sometimes it may be necessary to photograph a 
part of a large object. It is preferable, then, to take 
a long shot showing the complete object and a close- 
up of the specific part. 

In depicting mechanical operations, is is often 
desirable to place the camera behind the operator. 
Then what he does will show on the screen in the cor- 
rect position from left to right. With such procedure, 
the camera should be at an angle of not more than 
45° to the operator’s right or left. 

When taking any films for training purposes, be 
sure the action is correct. Be sure the tools or equip- 
ment or materials being used in the scene are correct. 

The big job for the photographer assigned to a 
training film is to SEE THE SUBJECT CLEARLY AND 
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APPROACH IT AND SHOOT IT ANALYTICALLY. It is ex- 
acting work. It requires a high degree of accuracy 
and neatness. 

The results—raising the capabilities of Navy men 
for broader and more expert service—justify the 
most careful and enthusiastic effort. 
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CHAPTER 9 
MOTION PICTURE PROJECTORS 


TEMPERAMENTAL SPECTATORS 


Movie audiences seem to be an impatient lot. Noth- 
ing ruffles their calm quicker than an interruption or 
defect in the projection of pictures or the sound. Not 
infrequently, in commercial theaters, they manifest 
their irritation by clapping their hands or stomping 
their feet or at least mumbling abuse upon that fat- 
headed projectionist up there. 

Well, he knows something is wrong. He’s working 
like fury to fix it. Maybe it’s no fault of his. But the 
customers are still annoyed. 

In the Navy there are no cash customers to worry 
about. But Navy spectators are human too. They are 
' displeased when the “show” goes haywire, not only 
if it is purely an entertainment program but also if 
it is a training film or one being shown for official 
study. 

The point is that it behooves anyone who operates 
a motion picture projector to be able to handle it so 
well that only the most unusual or unavoidable cir- 
cumstances will interrupt the picture or cause any 
distractions. 

Navy operation of projectors—the instruments 
which “throw” the pictures onto the screen is—usually 
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the responsibility of an Electrician’s Mate. He 1s 
especially trained for this work. But the Photog- 
rapher’s Mate often has to run a projector in connec- 
tion with the activities of his own unit. Individual 
photographic units, for example, regularly view their 
own films or others for the purpose of studying them. 

Furthermore, although projection will not be a 
major part of your task, it will be well for you to un- 
derstand it. It is the final step in cinematography. It 
is the culmination of all the work of photographing 
and processing. 


KINDS OF PROJECTORS 


A moving picture projector has a mechanism much 
like that of the camera. The finished positive film is a 
perforated ribbon. It is transparent and looks like a 
developed negative except that the image contains the 
correct relation of ight and dark tones—not reversed 
as in the negative. The sound track is a narrow strip 
at the edge of the film. 

The film is threaded through sprockets and rollers 
and gates. Claws engage the perforations and draw 
the film past the aperture at a continuous and regular 
rate—24 frames per second in standard operation. 
An intense light shines through the film and forms its 
image on the screen. 

For “professional” projection of 35-mm. pictures 
with sound, a machine widely used in the Navy is the 
Acme Simplex. This projector or its equivalent is 
the type manned by specially trained Electrician’s 
Mates. It is of medium size between the large, sta- 
tionary outfits used in theater booths and the small, 
portable types. 

The Simplex might be called semi- -portable. It has 
handles but moving it requires the efforts of several 
men. It is installed aboard some destroyers and big- 
ger ships. 
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Projectors most frequently encountered among 
Navy photographic units are these— 
35-Millimeter | 
Acme (silent) 
DeVry (sound) 
Holmes (sound) 
16-Millimeter 
Bell and Howell (silent) Ampro (sound) 
Victor (silent) Bell and Howell 
(sound ) 
Eastman F'S-10 (sound) Victor (sound) 
Notice that sound projectors predominate. You 
will recall that in the presentation of motion picture 
cameras it was said that cameras which record sound 
are rarely used in the Navy. It was pointed out, how- 
ever, that the laboratories often “dub” sound tracks 
onto silent film. Consequently, many films which are 
silent when taken have sound on them when projected. 
Moreover, sound projectors may also be used for 
silent film. And anyone who knows the operation of 
a sound projector can also operate a silent one. The 
proceduce is the same except that in silent operation 
the sound and amplifying equipment is not hooked up. 


35-MM. SOUND PROJECTOR 


Once you understand the operation of one of the 
35-mm. projectors, you will have little or no difficulty 
with any of the rest. Each has its distinctive char- 
acteristics and advantages but all are similar in prin- 
ciple. 

The Holmes machine is one so frequently used in 
Navy photographic units that it may be taken as an 
example for the purpose of studying the operation of 
35-mm. projectors. 

The ensuing instructions on operating projectors 
are intended for use in something of the fashion of a 
cookbook. The novice cook, or the experienced one 
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trying something new, keeps the recipe open and fol- 
lows it step by step. So let it be with you as a pro- 
jectionist. 

You can’t lay this manual aside after reading it 
and hope to run a projector. Not unless you want 
to get all tangled up in a maze of film and apparatus. 
Don’t fret if you lose track of what goes on as you 
READ it, without DOING it. You won’t have any trouble 
keeping up with the account as you begin the projec- 
tion job with your manual at hand. 


In a broad sense, the story of the Holmes is the 
story of all 35-mm. and all 16-mm. projectors. 
Remember that as you read it. Certain proce- 
dures in handling 16-mm. units, discussed later in 
this chapter, will be explained simply by the 
statement that they are the same as with Holmes 
equipment. 


The unit consists of PROJECTION CASE, SPEAKER, 
AND PROJECTION SCREEN. The projector case contains 
the motor, gears, shutter lens, lamphouse, supply and 
take-up magazine and spools, and sound units. 

The supply spool containing the film to be pro- 
jected is placed in a magazine on top of the projector 
case. The film is led down through a slot in the case, 
through the mechanism, and to the take-up spool. In 
the Holmes, the take-up magazine is attached to the 
front of the projector case near the bottom. Either 
1,000-foot or 2,000-foot magazines may be used. 

A motor on the rear of the case drives the mecha- 
nism either by belts or gears. A fan on the motor 
draws air through a tube into the lamphouse to cool 
the projection lamp. The lens (either 3-inches or 
5-inches in focal length) is attached to the front of the 
case in line with the picture aperture and lamp fila- 
ment. 

Above and to the right of the motor is the lamp- 
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house. The projector is ordinarily fitted with a 1,000- 
watt or 1,500-watt prefocused lamp, “Prefocused” 
means it is constructed so that the filament is located 
and turned exactly right with relation to the base of 
the lamp and to the condenser and reflector in the 
projector. | 

The condenser concentrates light from the lamp 
upon the film. The resulting illumination on the 
screen is fairly uniform and of high intensity. An 
exciter lamp excites or activates a photoelectric cell 
in the production of the sound. 


OPERATION 


Follow a fixed routine in setting up projection 
equipment. For one thing, that will make it quicker 
and easier. More important, certain steps must be 
taken in the proper sequence else you might cause 
damage or blow out some fuses. 

Place the projector on a substantial table. Attach 
the top magazine, which holds the supply reel. Place 
the take-up belt in the groove of the bottom maga- 
zine. Slip this magazine into place on the front of the 
case. 

Open the three doors (top magazine, mechanism, 
lower magazine). Open the speaker case and remove 
the amplifier and electric cords (called “leads”’). 

Connect one end of the exciter lamp lead to the 
amplifier receptacle and the other end to the projec- 
tor receptacle on the front of the case. Connect the 
photoelectric cell lead to its respective receptacles on 
the amplifier and projector case. Connect the speaker 
end of the speaker-amplifier cable to the speaker and 
then connect the other end to the amplifier. Tus 
ORDER OF ATTACHING THESE PLUGS MUST BE FOL- 
LOWED. 

Set up the screen. (A chart is presented later in 
this chapter to show the distance between screen and 
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projector.) Now set up the speaker. It goes about 
one foot behind the center of the screen if the screen 
is of a standard perforated type which will permit 
free transmission of sound. If the screen is made of 
silk, muslin, canvas or other opaque material, place 
the speaker to one side, above, or below the screen. 
The speaker should never be lower than about 3 feet 
above the heads of the audience. 

The next step is to connect the unit to the electric 
power source. The Holmes projector is designed for 
operation with 110-volt a-c power of 50 or 60 cycles, 
but it may be operated on 110-volt d.c. if a d-c-to-a-c. 
rotary converter is used. If the machine is put on d.c. 
without the converter, the fuses will burn out immedi- 
ately. 

Attach the amplified cable to the power line. Throw 
the AMPLIFIER SWITCH to the “on” position. The tubes 
should then be on and the exciter lamp should light 
up. If the exciter lamp does not go on, the “change- 
over” switch on the amplifier may be in the wrong 
position and should be snapped to the opposite side. 


The “change-over” switch is for use when two 
projectors are operated together. This is done to 
permit continuous projection of a long film 
(more than the capacity of one magazine) with- 
out having to stop the show to change maga- 
zines. The change-over switch cuts off one pro- 
jector and turns on the other. 


If the exciter lamp refuses to light up with the 
switch in either position, it probably is burned out. 
As soon as the exciter lamp and tubes are on, turn 
off the amplifier switch. 

Now connect the projector cable to the power line. 
Start the projector by throwing the MoToR swITCH 
to the “on” position. Holmes projectors are equipped 
with either one of two motors. One is a synchronous 


340 


motor that maintains a constant projection speed of 
90 feet of film per minute (the equivalent of 24 
frames per second). The other is a governor type 
motor which must be regulated. 

With the latter type you can tell whether the ma- 
chine is running at correct speed by a SPEED INDICATOR 
on the side of the case opposite the threading side. 

Looking through the round indicator window, you 
will see a white line and a white indicator hand. When 
the movable hand covers the stationary line, the pro- 
jector is running at the proper rate of 90 feet a min- 
ute. If not, turn the speed control knob on the back’ 
end of the motor until the indicator hand covers the 
line. 

A VOLT METER shows whether the voltage varies 
from 110, for which the machine is set at the factory. 
If it does vary, turn the “adjustable resistance”’ (near 
the lower left front corner of the lamphouse) until the 
meter reads 110. Then shut off the motor switch. 

Light the PROJECTOR LAMP by pushing the lamp 
switch. Raise the dowser on the lamphouse by pulling 
up on the knob. It is located between the lamphouse 
and the projector case, Just above an imaginary line 
connecting lamp, picture aperture and lens. Lifting 
the dowser permits the light to be projected onto the 
screen. | 

This give you a check that the projector lamp is 
working. It also enables you to center the picture 
area on the screen and to make a preliminary focus. 

Focus without any film in the machine? Yes. Out- 
lines of the picture aperture plate will show on the 
screen. By turning the lens tube bring the outline 
into focus—until there is a sharp black edge around 
the rectangular light area. Then turn off the projec- 
tion lamp. 

Next comes the sounp TEsT. Turn on the amplifier 
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switch and let the tubes warm up for about 20 sec- 
onds. Turn the volume control knob to a point about 
half way in its range. 

Move a card quickly up and down between the 
sound aperture and the photoelectric cell. If all con- 
nections are correct, you will hear a booming sound 
coming from the speaker each time the card cuts the 
light beam. 

Leaving the exciter lamp on and the volume con- 
trol at the half way point, you carry out the second 
part of the sound test. Turn on the pro jector and 
check the speaker for noise. If the noise is excessive, 
the correction is made by a minor but somewhat deli- 
cate adjustment of the exciter lamp. 

To do this, first loosen a screw on the plate which 
holds the exciter lamp socket. Then turn the thumb 
screw (to the right of the lamp) one way or the other 
until the noise is reduced to the minimum. THE apD- 
JUSTMENT MUST BE SLIGHT. Even as little as a quarter 
turn may entirely cut off the beam of light to the pho- 
toelectric cell. 

When the sound test is completed, shut off the pro- 
jector and amplifier. 

All this rigamarole about setting up the equipment 
may sound pretty complicated at first. Soon, however, 
it will become as simple a routine as crawling into 
your sack. 

Having finished four tests—amplifier, motor, pro- 
jector lamp, sound—you are ready to THREAD THE 
PROJECTOR with film. 

First you prepare the machine for threading. In 
these and subsequent steps, follow figure 96 closely. 

You'll take a devious path from which you must not 
wander a trifle. | 

Push the framing lever down as far as it will go. 
Raise the upper guide roller (D). Open the picture 
aperture by pushing the round tube toward the lens 
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until it locks in the open position. Open the lower 
guide rollers (H and K). Open the sound aperture 
gate by pushing the shoe (P) forward toward the 
photoelectric cell tube. Open the lower guide roller 
(S) below the tube. 


That sets up the machine for threading. Insert a 
rolk of film into the supply magazine. Make sure the 
emulsion side of the film is toward the lamphouse and 
that the images are upside down. Check the fit of 
the shaft key into the keyway of the reel. Turn down 
the clip on the end of the shaft to lock the reel securely 
in place. Reel off about three feet of film to use for 
threading. 








Figure 96—Diagram of the threading of a Holmes projector. 
343 


Insert the film through the slot in the magazine 
safety casting (4) and then close the upper magazine 
door. Place the film behind the top fixed roller (B) 
and under the sprocket (C’), making certain that the 
sprocket teeth fit properly into the film perforations. 
Lead the film over the guide roller (D) and bring 
this roller down into position to hold the film firmly 
in contact with the sprocket. 


-Insert the film in the open picture aperture -plate. 
Leave enough loop so that the film comes to about 
one-half inch from the top of the projector case. 
Take care that the film is in contact with the guide 
roller (H) and that it passes back of the roller (F’) 
on the end of the framing lever. 

The film now passes down in front of the sprocket 
(G) below the aperture. Close the lower guide roller 
(H) to hold the film against this sprocket. Leave 
a loop just long enough to clear the top of the ex- 
citer lamp case (Z). Bring the film up over the 
sprocket (J). Fit the sprocket teeth into the perfora- 
tions and close the guide roller (K). 

Thread the film back of the fixed roller (Z.) on the 
bearing shaft of the framing lever. Next it goes in 
front of the guide roller (4) and through the sound 
aperture. Feed it between the sprocket (N) and the 
shoe (P). 

LEAVE A SLACK IN THE FILM EQUAL TO TWO 
SPROCKET HOLES between the sprockets (J) and (NV). 
Without this slack the sound sprocket filter will not 
function. Push the shoe (P) back to close the sound 
aperture gate. Leave a loop between the sprockets 
(N) and (#), making sure that it clears the set 
screw on the front surface of the exciter lamp case. 


Pass the film under the lowest sprocket (R). 
Close the guide roller (S). Feed the film through the 
slot (Z') in the magazine safety casting. Attach the 
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end of the film to the take-up reel so that the film 
goes onto the reel from the under side of the shaft. 
Place the reel on the shaft in the lower maga- 
zine. ‘Turn down the clip on the end of the shaft. 
Close the lower magazine door. 
Turn on the projector motor to check the run of the 
film for a second or two. Close the mechanism door. 


There! It’s all set to go. It sounded lke a tedi- 
ous affair. But after trying it only a very few 
times, you'll be able to thread a _ projector 
quicker than you can say Jack Robinson. 


Before starting projection, push the change-over 
switch to the side to which the projector is NoT at- 
tached. Then turn on the amplifier, the motor, and 
the projection lamp—in that order. 

‘Raise the lamphouse dowser by pulling the knob 
(U in figure 96). The projector is now in full opera- 
tion. 

Carry out a final check on the focus. The picture 
is on the screen now, and if your rough focus of the 
blank aperture plate was not perfectly sharp, you can 
adjust the lens again. 

Regulate the sound volume on the amplifier to the 
desired level. Go away from the machine about 10 or 
15 feet in either direction so your judgment will not 
be upset by the noise of the projector. 

If the lower part of one picture and the upper part 
of the next appear on the screen, raise or lower the 
end of the framing lever. This centers each frame in 
the picture aperture. 

An adjustment for film tension in the picture aper- 
ture is located on the front of the projector case, 
above and to the right of the lens. When running 
new film, small particles of emulsion tend to collect 
on the surface of the aperture skids. This may finally 
result in noise as the film goes through the aperture. 
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The noise can be eliminated by turning a large set 
screw to the right. That releases the tension and per- 
mits the film to travel more freely. If too loose, the 
picture will “jump” on the screen. Tension may then 
be increased by turning the screw slightly to the left. 

There’s a proper way to end projection—a way 
that will keep your show free from annoying sound 
noises and screen flashes. It will equal or approach 
the smoothness of professional projection. This is 
it— 

As “The End” title flashes on the screen, cut the 
projection lamp. Often the sound track continues 
a little farther, as for the closing notes of background 
music. Listen, and when the end of the sound is 
reached, cut the exciter lamp (amplifier). Allow the 
motor to run until the trailer is completely through 
the film transport and on the take-up reel. Then cut 
the motor. 

If the film is to be retained for re-use, it should be 
rewound from the take-up reel back to the supply 
reel. Some projectors are equipped with a rewind 
‘unit. On some, the two reels are interchanged and 
rewinding gears are engaged. The film goes directly 
from the take-up spool to the supply spool without 
passing through the machine. 

If the film is to be returned to the releasing unit, it 
will not usually be necessary for you to rewind it. 

In disassembling the equipment for stowing, it is 
again important to follow an exact routine in the cor- 
rect order— 


Detach amplifier and projector cables from the 
power source. 

Detach speaker cable from amplifier and then de- 
tach the other end from speaker. 

Detach leads from amplifier to exciter lamp and to 
photoelectric cell. 
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Pack amplifier and cables in speaker case and 
fasten cover. | 

Remove top and bottom magazines from projector 
case and put in case. 

Repack projection screen. 


Unless the unit is to be shipped, the photoelectric 
cell and amplifier tubes should be left in their operat- 
ing positions. They are usually well protected when 
in their respective sockets. For shipping, however, 
they should be removed and packed separately. 


PROJECTING 35-MM. SILENT FILM 


It is a simple matter to convert sound projectors 
to SILENT FILM OPERATION. 

The picture aperture plate in machines designed 
for use with 35-mm. sound film has an opening of 
.825-inch by .600-inch. Silent film does not have the 
sound track on the side, so the picture is a trifle 
larger. The aperture plate for sound therefore would 
cut off the edge of the image in silent film projection. 

A larger plate, measuring .937-inch by .687-inch, 
can be inserted into the aperture gate. In the Holmes 
this is done by removing the two screws that hold the 
aperture plate in the gate, pulling out the plate, in- 
serting the new one, and replacing the screws. 

SILENT FILM IS THREADED THROUGH THE PROJEC- 
TOR IN EXACTLY THE SAME WAY AS SOUND FILM. But 
the exciter lamp and amplifier are not connected to 
the power source. Only the projection lamp and 
motor are turned on. 

Additional] information regarding the Holmes and 
other projectors should be obtained through study of 
the manual supplied with each machine. 


SIZE OF PROJECTED PICTURE 


The size of the image on the screen depends on the 
distance between projector and screen and on the 
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focal length of the projector lens. The distance is 
limited by the size of the room and the size of the 
screen. 

It won’t be necessary for you to fumble around try- 
ing to find the correct distance by trial and error. 
The combination is worked out in the chart. 

All 35-mm. projectors are fitted with lenses of 2 to 
8 inches in focal length. It is a distinct advantage to 
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have more than one lens, permitting a choice in focal 
length. That gives you more latitude in determining. 
the position of the projector in relation to the audi- 
ence. 

By keeping the projector behind the spectators, 
their concentration upon the pictures will not be dis- 
turbed by noise and stray light from the machine. 

This chart is for 35-mm. sound film. It gives 12 
distances varying from 20 to 110 feet. Picture sizes 
at other distances may be easily approximated. “W” 
stands for width of picture, “H” for height. 


16-MM. SOUND PROJECTOR 


Although 35-mm. motion picture work predomi- 
nates in the Navy, 16-mm. equipment is filling an 
increasingly important billet. As is the case with 
cameras, the smaller projectors are usually less intri- 
cate than their larger shipmates but their perform- 
ance is hardly less superior. 

While 16-mm. projectors may lack some of the re- 
finements of the bigger ones and may have somewhat 
simpler mechanisms, their operation is, by and large, 
the same as that of 35-mm. units. 

Differences between the various 16-mm. makes and 
models are not great enough to require a discussion 
of each one separately. For purposes of example, 
operation of the Bell and Howell “Utility” model 
Filmosound will be described in detail. 

The Utility is one of five Filmosound machines 
made by the same company. Others are the Commer- 
cial, Academy, Master and Auditorium. 


OPERATION 


Here you go again! But the going will be easier 
this time. The course isn’t in such unfamiliar seas. 

The Utility Filmosound unit comes in two cases. 
One contains the projector itself and the reel arms, 
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the other the speaker and cords. Setting up the 
equipment is much like setting up the Holmes 35-mm. 
outfit. Follow the same rules in locating the screen 
and speaker. : 





Figure 97—Filmosound projector. 


Arms which hold the supply and take-up reels are 
carried inside the door of the projector case. Remove 
them. Attach the arm marked “top” to the front 
of the case and the arm marked “rEArR” to the upper 
rear. Both are fastened by thumb screws. The top 
arm holds the supply spool, the rear arm the take-up 
spool. 


Loop the rear spring belt from the reel drive pul- 
ley, without a twist, to the take-up pulley at the end 
of the rear reel arm. Loop the front belt, without a 
twist, over the small pulley of the top feed arm. (The 
Commercial and Academy models do not have the 
front feed arm belt.) 
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See that the amplifier, motor and projection lamp 
switches are in the “orr’ position. Likewise place 
the film sound volume, tone, and microphone volume 
controls in the “orr’’ position. 


Connect the speaker end of the speaker lead or 
cable to the rear of the speaker case. Uncoil the 
cable as you carry it to the projector. Insert the re- 
' maining end of the lead into the receptacle on the 
projector marked “speaker.” — 


While the Holmes outfit has separate leads for the 
projector and amplifier, the Utility combines them 
in a Y cord. One of the short branches at the end is 
plugged into the projector line receptacle, the other 

into the amplifier line receptacle. Both are marked. 


Connect the single end of the Y cable to the power 
source. The power must be 115-volt, 50 to 60 cycle, 
a.c., unless a converter is used. The projector may be 
operated on d.c. with a 150-watt d-c to a-c rotary 
converter. 


Turn on the projector motor. THE ONLY ADJUST- 
MENT OF SPEED FOR THIS PROJECTOR IS TO SET IT FOR 
EITHER 24 OR 16 FRAMES PER SECOND. For sound film, 
24-frame speed is mandatory. That speed also is be- 
coming standard for silent film, but if you have a film 
which was taken at a 16-frame rate it should be pro- 
jected at that rate. 


A switch just forward of the lamphouse base is 
placed in the “pown”’ position for 24 frames a second, 
the “ur” position for 16-frames a second. 


Turn off the motor and turn on the projection 
lamp. Center the light area on the screen. Focus 
the edges of the blank picture aperture plate as in the 
case of the Holmes unit and all others. To move the 
lens for focusing, loosen the lock just forward of the 
picture aperture gate. After focusing, lock the lens 
again. Then turn off the lamp. 
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Turn on the amplifier and allow about one minute 
for the tubes to warm up. Move the film sound 
volume control in a clockwise direction until a hiss is 
heard from the speaker. 
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Figure 98—Diagram of the threading of a Filmosound projector. 


Now you are set for threading. Figure 98 will 
help guide you. 

Place the reel of film on the spindle of the top reel 
arm. The film must feed from the front of the reel 
with the perforated edge toward you. Press the reel 
firmly until the small retaining spring-balls lock it on 
the spindle. Pull off about four feet of film for 
threading. 

Slip the film into the slot in the base of the feed 
reel arm and through the case. (The Commercial 
model is removed from its case for projection.) Pass 
the film between the two rollers and down to the first 
sprocket (4) above the lens tube. 
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Lead the film above the roller and below the 
sprocket, sliding it as far toward the inside of the 
machine as possible. While holding the film snugly 
around the sprocket, press on the tab on top of the 
sprocket to open the guard. Pull gently on the film 
until the perforations seat over the sprocket teeth. 
Then release the tab to lock the film on the sprocket. 

Swing the gate opening lever forward and up. 
Form a loop in the film so that it follows the line 
on the case, and insert the film in the open gate. 
Close the gate. Form a lower loop conforming to 


the line. 

Place the film over the second sprocket (B) and 
repeat the procedure used at sprocket (4). The 
releasing and locking tab in this case is on the bot- 
tom of the sprocket instead of the top. 

Turn the hand setting knob (just back of the gate 
lever) several clockwise revolutions to engage the film 
with the shuttle teeth. Should the bottom loop slide 
upward, pull it down again until the teeth are prop- 
erly engaged. 

Thread the film under the top roller (C) of the 
oscillatory stabilizer. That is a device which pivots 
back and forth (oscillates) to keep a steady tension 
on the film (stabilize it). This prevents any “play” 
in the film at the sound aperture. 

The film goes around the sound sean (D) and 
over the third sprocket (#’). Press the film as far in 
as it will go and pull down as it passes over the 
sprocket. When tension on the film moves the oscil- 
latory stabilizer to its extreme position, open the 
guard by pressing on the sprocket tab. 

Release the tension on the film just enough to per- 
mit the stabilizer to pull the film back to the first 
available set of perforations. Release the tab so the 
guard ‘will lock the film. TH1Is BRINGS THE FILM INTO 
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THE POSITION WHERE SOUND AND PICTURE ARE SYN- 
CHRONIZED. _ 

Pass the film under the snubber (F') and under the 
roller (G). Then it goes through the slot (7) in the 
case and between the rollers to the take-up reel. (In 
the Commercial model, which is outside its case, the 
film is led directly from the back roller (G) to the 
take-up reel.) | | 

Attach the film on the take-up reel so it will wind 
on as the reel revolves clockwise. Take up any slack 
in the film by revolving the reel by hand. 

Before beginning projection, set the film volume 
control on the amplifier to about one-quarter “on.” 
Here are the steps in starting to project— _ 

Turn on the amplifier and allow about one min- 
ute for the tubes to warm up. 
Turn on the motor. 


Engage the clutch if there is one. (In figure 98 
the clutch control is lettered I above the lens.) 
Turn on the projection lamp. 

Center the picture on the screen, check the focus 
and the framing. (The framer control, just be- 
low the picture aperture, is J in figure 98.) | 
Adjust the film volume control for the desired 
volume of sound. 


Adjust the-tone control for the desired tone of 
sound. 


Filmosound machines have a microphone volume 
control, known also as a phonograph volume control. 
A microphone can be used when someone wishes to 
make a running commentary while the pictures are 
being shown—as, for example, an instructor explain- 
ing a training film in a large auditorium. This would 
usually be done only when silent film is used. Phono- 
graph records can be used for supplementary sound 
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—for example, background music when there is no — 
music on the film. 


In both cases the sound comes from the same 
speaker which transmits the film sound. The micro- 
phone or phonograph volume may be decreased if 
necessary when the film volume is increased. 


When oral commentary or phonograph records 
are used with silent film, turn on the amplifier 
but keep the film volume control set at the mini- 
mum position. The Microphone control can be 
adjusted as desired. 


On the Utility model, film may be run backwards. 
This might be done in a training film when an in- 
structor wished to repeat a sequence for further ex- 
planation or emphasis. 


To do this, stop the film either by disengaging the 
clutch or by turning off the motor. When the mecha- 
nism has stopped, AND NOT BEFORE, move the direc- 
tion switch to “Reverse.” After the film is backed 
up to the desired point, change the switch to “For- 
ward.” 

Conclude your projection in the same manner that 
was outlined for the Holmes equipment. 

To rewind film on the Filmosound, the reels are 
interchanged. Move the take-up reel, now filled with 
the projected film, from the take-up arm spindle to 
the feed arm spindle. Shift the supply reel, now 
empty, to the take-up spindle. 

Lead the film from the full reel over the top of the 
empty reel and fasten it. Press in the take-up lock 
lever while lifting the take-up reel as far as possible 
until the two rewind gears are engaged. Release the 
take-up lock to secure the gears in this position. 

Turn on the projector motor until the film is re- 
wound. Before removing the loaded reel from the 
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spindle, again press in the take-up lock lever so that 
the gears are restored to the take-up position. 


PROJECTING 16-MM. SILENT FILM 


When using silent film in a sound projector, the 
procedure for 16-mm. equipment is just like that for 
35-mm. The machine is threaded in exactly the same 
way as for sound film. The only difference in opera- 
_tion is that the amplifier is not turned on. 


(When using a microphone or phonograph, the 
amplifier must be on but the film volume control 
is kept at its minimum position. ) 

If the silent film was taken at 16 frames a second 
instead of 24, the speed switch on the projector must 
be changed accordingly. If the silent film was taken 
at 24 frames, the projection speed is the same as for 
sound film. 

Some projectors still in Navy service will handle 
ONLY silent film. Later models of silent projectors 
will also accommodate sound film but wiILL not 
TRANSMIT THE SOUND. In other words, sound film 
may be placed in them and used just as if it were 
silent film. 

Sound film in 16-mm. size is perforated on only 
one side. Projectors which will take both silent and 
sound film must therefore be built to transport film 
with one or both sides perforated. 

Silent projectors, of course, have no amplifiers, 
sound drum, or volume controls. With those excep- 
tions, the machines and their operation virtually par- 
allel the sound models. 

There is somewhat less threading to be done. For 
example, threading of a Filmo silent projector is 
identical to that of a Filmosound up to the point of 
closing the second sprocket after forming the lower 
loop of film. In the sound model, the film goes 


356 


from there through the oscillatory stabilizer, around 
the sound drum, over the third sprocket, and to the 
take-up reel. 

In the silent type, the film goes directly from the 
second sprocket to the take-up reel. 

The exact path varies with different models and 
makes but the general route does not. On some silent 
projectors the take-up reel is on the front instead of 
the back. For that matter, the position of the two 
reels varies even in sound models. 

Certain silent machines offer features not present 
in all sound types. Included are facilities to regulate 
voltage, to adjust speed to any pace wanted, and to 
change from a-c to d-c operation by pushing a switch. 

Where voltage control is provided it should be re- 
membered that the life of the projection lamp will be 
shortened by operation at higher voltage. Increasing 
the voltage will heighten brilliance, but at the ex- 
pense of the lamp. Voltage control is better used to 
DECREASE voltage when it is higher than that for 
which the projector and lamp are designed. 

Although some silent projectors have variable 
speed controls, they do not ordinarily include speed 
indicators such as those in certain 35-mm. sound 
models. Rather, the speed is set merely by watch- 
ing the screen. If pictures are being projected, you 
turn the speed knob until the pace of the action suits 
you. To set the speed before starting to project, 
vou move the knob until the light on the screen is 
free of flicker and a slight reduction in speed would 
cause the flicker to reappear. 


ANOTHER SOUND PROJECTOR 


Another 16-mm. sound projector warrants sepa- 
rate consideration. The Victor Animatophone has 
enough departures from the Filmosound and other 
models that individual attention is desirable for thor- 
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ough understanding. Where procedures are duplica- 
tive, the repetition will serve to sharpen your previous 
knowledge. 

Found in many Naval units, the Animatophone 
accommodates reels up to the 1,600 foot size. A 750- 
watt projection lamp is used. The machine is for 
110-volt a-c operation, convertible to d.c. by throw- 
ing a switch on the rear panel and using a 150-watt 
converter. : ; 

It may be equipped with an integral speaker—one 
built right into the projector case. Or a separate 
speaker unit may be employed. It is possible to con- 
nect as many as 6 speakers to yield full quality sound 
production in a large auditorium. 

The amplifier is built into the projector case. Tone 
and volume controls are on the back panel, voltage 
control on the front of the case. 

Both reels go on top of the projector case, the 
supply reel in the rear and the take-up in front. This 
is JUST THE REVERSE of the positions on Bell and 
Howell projectors. 

The film transport mechanism includes three safety 
tripping levers. Should a loop be lost during pro- 
jection, the trippers will stop the movement before 
the film is damaged. 


OPERATION 


Retrace your usual steps in setting up projector 
screen and speaker. 

Remove the two reel arms from the bottom of the 
case. Place them in the socket on top of the projector 
so the shafts are at the front. 

In hooking up the belts with the feed arms, both 
belts are crossed. (See figure 100.) The take-up 
belt, which is on the inside, goes on the rear arm. The 
feed belt, on the outside, is for the front arm. When 
using 1,600-foot reels, the belts go into the large 
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pulleys on the feed arms. With 400-foot reels, the 
small pulleys are used. 

Plug the speaker cord into the receptacle on the 
back of the case. Connect the power cord with the 
electrical source and then insert the other end into 
the receptacle on the rear control panel. 

Push the speaker switch to the “Sound Speed” 
position. (This switch is on the base of the projector 
near the front.) Set volume and tone controls, on the 
back panel, at the midway position. 

It’s test time again. Conduct the usual check of 
motor, projection lamp, and sound. Then a new sort 
of test is made to set the photoelectric cell voltage. 

Push the “Exciter” switch to turn on the exciter 
lamp and amplifier. Turn the volume control on 
full. Adjust the voltage control knob on the front 
of the projector case by turning the screw to the 
right. Continue turning until excess humming or 
squealing begins. Then reverse the knob slowly un- 
til this sound is just noticeable. 

Restore the volume control to the middle position. 
Cut off the exciter switch. 

Now the film is about to run its obstacle course. 
This one compels the exercise of a bit of new tech- 
nique. ; 

Put the reel of film on the rear feed arm. Lead 
the end of the film DIRECTLY TO THE TAKE-UP REEL. 
The line / in figure 99 indicates how. Only with the 
Animatophone is this the first step in threading. With 
other projectors the film is started through the mecha- 
nism and does not go to the take-up reel until last. 

Give the take-up reel a couple of turns clockwise 
to set the end of the leader firmly. 


Pull down a generous loop of film (2) from the full 
reel. USE THIS LOOP FOR THREADING THE PROJECTOR. 
The Victor sound machine alone employs this method. 
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Figure 99—Preliminary step in threading an Animatophone. 


The procedure is like that in threading movie 
CAMERAS whose magazines are attached to the top. 

Open the upper and lower film shoes (M and G) 
on the main drive sprocket (P). (See figure 100.) 
Pull down the front and rear tension rollers (R). 
Open the lens mount (D). | 

A moment ago you did the “last thing first” by 
attaching the end of the film to the take-up reel. 
The rest of the threading also starts backwards, as 
compared with other projectors. 

Slip the bottom of the film loop under the sprocket 
(A) forward of the sound drum. Insert it under 
the curved plate between the sound drum (B) and the 
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Figure 100—Diagram of the threading of an Animatophone projector. 


photoelectric cell cover (S). Then it goes under the 
roller (C’) aft of the sound drum. 

Raise the two tension rollers (#) so the film is held 
in contact with the roller (C’) and the sprocket (4). 
Be sure the film properly engages the sprocket at this 
point. 

Carry the right hand part of the loop forward of 
the roller (H). Pass it between the two safety trip 
rollers (F') which are hidden beneath the lens when 
it is in the operating position. 

Guide the film under the drive sprocket (Pf) and 
close the shoe (G') on the under side. Next it goes 
ahead of the snubber roll (H) and behind the front 
roller (I). Beyond that point it already is attached 
to the take-up reel. 

That accounts for the right-hand part of the loop. 
Now for the left. 

Slide the film under and behind the roller (J) be- 
low the picture aperture (K). Leave a loop of film 
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EXACTLY EQUAL TO 25 FRAMES from the sound gate 
(between S and B) to the picture aperture. Only by 
making the loop precisely this size will you get per- 
fect synchronization of sound and picture. 

The Animatophone is the sole projector in which 
the size of the loop is determined by counting the 
number of frames. Other styles are designed to ac- 
complish synchronization in different ways. 

Thread the film behind the roller (Z) and over the 
drive sprocket (P). Close the lens mount (D). Close 
the top shoe (M) to hold it in place. Finally it goes 
behind the rear film roller (NV). From there it al- 
ready is fastened to the rear (supply) reel. Take up 
any slack in the film by turning one or both reels. 

Starting projection, checking focus, regulating 
volume and tone, and ending projection coincides 
with the procedure for other models. 

To rewind, lead the film trailer from the front reel 
to and over the top of the rear reel. Take off both 
front and rear drive belts. Hook the rewind belt, 
without crossing, over the rear arm pulley. Turn on 
the rewind switch on the back control panel. 


SIZE OF PROJECTED PICTURE 


Computation of the projection chart for 16-mm 
sound film is identical to that for 35-mm. The figures 
are smaller, that’s all. This chart discloses, as did the 
previous one, what dimensions of screen picture will 
result from the use of various projection lenses at 
different distances. 

Lenses for 16-mm. projectors range from 3% of an 
inch to 4 inches in focal length. 

A 2-inch lens on a 16-mm. machine will give you 
about the same size image as a 4-inch on a 35-mm. 
outfit. A 3-inch lens in a 16-mm. at an 80 foot dis- 
tance will yield a picture similar in size to that pro- 
duced by a 3-inch lens in 35-mm. work at 40 feet. 
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BE KIND TO THEM 


Motion picture projectors—especially the sound 
variety—contain innumerable delicate parts and ad- 
justments. Silent types will take more abuse, but 
that isn’t to say that they should be subjected to 
rougher treatment than sound models. 

Jarring the projector is likely to cause serious 
damage to lamp filament, amplifier tubes, or photo- 
electric cell. Heavy blows may not only break some 
unit but may throw certain apparatus out of adjust- 
ment. 

NEVER FORCE a part or a movement. Disalinement 
would be the probable result. 


PROJECTION CHART 
FOR 16-MM. SOUND FILM 
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Regular -oiling according to the directions fur- 
nished by the manufacturer is necessary. 

Proper cleaning is the most important element in 
the care of projectors. Such parts as the sound aper- 
ture and picture aperture should be carefully cleaned 
after the projection of EACH AND EVERY reel of film. 
This will yield much better sound and picture quality, 
will protect the film from unnecessary wear and 
scratching, and will prolong the life of the machine. 

The reason for such frequent attention to the aper- 
tures is that particles of emulsion collect on them. 
That is particularly true in the case of new film which 
is unwaxed. Waxing, ordinarily done at the labora- 
tory if at all, gives a protective coating to the film. 

The picture aperture plate may be taken out of 
the projector. A little alcohol on a rag will work 
satisfactorily. A tooth brush will remove specks from 
the sound aperture. The surface of the sound system 
lens should be cleaned with a lens tissue or a soft, 
clean, lintless cloth each time the machine is used. 
But do not move the elements of the sound lens. They 
are minutely adjusted at the factory. 

See that each electrical connection is made properly 
and that each step is carried out in the assigned order. 
Check the voltage, and guard against use of voltages 
higher than those recommended. 

Be absolutely positive that your power is alter- 
nating current, or that the required adjustments 
are made for direct current operation. 

Inspect all cables and connections frequently for 
signs of wear or other defects. 

Keep spare reels, projection and exciter lamps, 
tubes, sound cells, spring belts and any other parts 
that may suddenly go pHrrt! Then you won’t find 
yourself faced with the embarrassing situation of a 
dead projector right when an important picture is to 
be shown, or worse, is under way. 
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CHAPTER 10 


CARE OF EQUIPMENT 
NEEDLESS CASUALTIES 


FRaGILE. Handle With Care! 

That would be a good label to paste on your photo- 
graphic equipment. It costs a lot of money. Fur- 
thermore—and this is more important—flagrant mis- 
treatment will lead to inferior production if not com- 
plete failure. And that isn’t the way a Navy 
Photographer’s Mate does business. 

An orchid will flourish only as long as it receives 
delicate care when outside its natural surroundings. 
Photographic apparatus is more robust than THAT, 
but stil] it must be pampered if it is to retain maxi- 
mum efficiency when subjected to all sorts of extreme 
conditions. 

Most photographic equipment is designed and 
manufactured for use in temperate climates. In such 
climates, and with reasonable care, it will perform 
- satisfactorily for a long time. But in war time espe- 
cially, and in peace time to some degree, cameras and 
auxiliaries are used in the hot, steamy tropics, in the 
frigid arctic, at sea, at high altitudes, on the desert. 
Standard photographic paraphernalia was not in- 
tended for such circumstances. 
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What happens to your equipment? Metal parts 
rust and corrode. Mildew forms on cloth and leather. 
Fungus grows on lenses and filters. Wooden parts 
warp. Salt and sand etch glass. Sluggish oil clogs. 
Insects foul mechanisms. 

There are two approaches to the problem. One is 
to go merrily on your way and, when you have killed 
or seriously wounded your apparatus, simply send it 
in for replacement or repair. Sure! At a cost of 
HUNDREDS OF DOLLARS and HOURS OF TIME. If you 
are inclined to such extravagant and inefficient ideas, 
remember that war greatly limited the manufacture 
of cameras and supplies. Remember, too, that the 
Navy’s photographic repair departments are too busy 
with unavoidable repair work to be burdened with 
avoidable jobs. 

At the Navy photo school repair shop during a 
period of one week, 20 of the school’s 40 K-20 cam- 
eras were in for repairs of one sort or another. The 
repair department believes 25 percent of the trouble 
was due definitely to lack of knowledge of proper 
handling. Another large percentage was attributed 
to carelessness. 

The second way to approach the problem is this. 
Recognize in advance the difficulties which may be 
encountered because of extreme conditions. Make 
every possible preparation in advance to retard or 
prevent the difficulties, and to extend the useful life 
of all equipment. Consider the equipment as yours. 
Treat it as if you have spent YOUR OWN MONEY for it. 

You'll take that method over the first one? Good! 
That's what might have been expected from you. 

“What preparations and precautions are necessary ?”’ 
you ask. “Exactly what is the ounce of prevention 
that is worth a pound of cure?” 

The answer can be divided according to where the 
equipment is used— 
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IN THE TROPICS 

IN THE ARCTIC 

AT SEA 

AT HIGH ALTITUDES 
ON THE DESERT 


Then the answer can be tapered off with some sug- 
gestions which might apply here, there or every- 
where. 


Generally speaking, the same advice applies to the 
care of motion picture and still picture equipment. 


IN THE TROPICS 


“Tt isn’t the heat, it’s the humidity.” You’ve heard 
that explanation of terribly “sticky” weather. In 
tropical regions, the humidity—dampness—is respon- 
sible for more operational difficulties in photographic 
outfits than the heat. Corrosion, rust, mold, mildew, 
warping are results of high humidity. 


Relative humidity is best measured with a wet and 
dry bulb thermometer. This should be a part of the 
equipment of every photographic unit if possible. 

Relative humidity can be lowered in an equipment 
storage cabinet by burning four or five 30-watt or 
40-watt electric light bulbs continuously within the 
cabinet. While the air inside will be of the same 
ABSOLUTE HUMIDITY as the air outside, the higher 
temperature produced by the heat from the tungsten 
lamps lowers the RELATIVE HUMIDITY in the cabinet. 
Four or five 30-watt or 40-watt tungsten lamps will 
usually lower the relative humidity in a cabinet or 
chamber of about 15 cubic feet capacity so that pho- 
tographic equipment will not corrode or rust. Neither 
will mold or mildew form on leather and cloth parts. 


Wakrnina. This does not apply to the storage of - 
unexposed photographic film. It must be kept 
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at a lower temperature as well as at lower rela- 
tive humidity. 

Lowering the relative humidity will HELP to reduce 
or prevent the growth of fungus and other bacteria 
on lenses, filters and other surfaces. THE BEST PRE- 
VENTIVE MEASURE AGAINST BACTERIAL GROWTHS IS 
FREQUENT CLEANING. 

You may be in places where storage cabinets, wet 
and dry bulb thermometers, and even electric light 
bulbs are only dreamed-of luxuries. In that event 
your photographic equipment should, if possible, be 
placed in a fairly airtight case. Air within the case 
should be desiccated (dried) by one of these meth- 
ods— 


SILICA GEL. 

Rice, placed in an oven until it is ight brown. 

DRIED TEA LEAVES. 

DRIED NEWSPAPERS, which can be wrapped 
around the equipment to 
protect it for short peri- 
ods of time. 


You might face circumstances where even that 
much “‘treatment” is impossible or impractical. Then 
the least you can do is to clean your equipment, espe- 
cially exposed metal and glass parts, at regular in- 
tervals. 

Particular care is required for electrical apparatus, 
such as that in motion-picture, aerial and synchro- 
flash equipment. Such units must be kept reasonably 
dry or at a relative humidity below 60 percent. Use 
of the storage cabinet heated with electric light bulbs 
is advised. 

Cloth and leather coverings can be treated with a 
mixture of 3 percent shellac or lacquer containing 
about 1 percent mercuric chloride. This will prevent 
mildew and rotting and will help prevent the leather 
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from peeling or stripping from the part to which it 
is attached. (CAMERA BELLOWS, HOWEVER, SHOULD 
NOT BE COATED WITH LACQUER OR SHELLAC.) If 
lacquer or shellac is not available for leather surfaces, 
a good oil or leather dressing should be applied. 
Either lacquer or leather dressing should be part of 
standard equipment. 

If wooden carrying cases or other pieces are used, 
they should be made of hard wood. Honduras ma- 
hogany shows little or no tendency to warp and is 
recommended rather than paraffin-treated wood. 

Black cameras absorb heat. Don’t Ieave them in 
the direct rays of the sun any longer than necessary. 
You can give your cameras some protection by put- 
ting WHITE SLIP COVERS on them. The white reflects, 
rather than absorbs, the sun’s heat. Without such 
precaution, oil used for lubrication of moving parts 
of the camera will become thin and flow out of the 
bearings. Oil which remains is likely to gum quckly. 
For this reason, cameras used at high temperatures 
require MORE FREQUENT OILING AND CLEANING than 
in temperate climates. 

Heat can do another bit of dirty work. Many 
camera lenses are composed of several elements of 
glass cemented together with balsam. Balsam melts 
at 140° F. and begins to soften at 120°-130° F. At 
such temperatures the lens elements might become 
separated or air bubbles might form between them. 
Any slight jar when the balsam is soft could change 
the relative position of some of the lens parts. So 
when your camera is very hot, be especially careful 
not to handle it roughly. 


IN THE ARCTIC 
Bitter cold weather is no more pleasant for you 
than stifling hot weather. Neither is it for your pho- 
tographic equipment. 
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Summer temperatures in the sub-arctic (30° to 60° 
F’. above zero) are comparable to temperate climates. 
But summer is short in the polar regions. The ther- 
mometer spends more of its time hovering between 
zero and 60° or 70° below. 

WInNTERIZE! That’s what you must do to your 
cameras. 


Most oils used for lubrication in temperate climates 
congeal at low temperatures. Therefore, when equip- 
ment is to be used in the arctic or antarctic, it is nec- 
essary to remove all normal lubrication from dia- 
phragms, shutters, and all moving parts of both still 
and motion-picture cameras which contain oil. 

Oils are available which work satisfactorily down 
to temperatures of —65° F. They include Nye clock 
oil or aircraft instrument oil, Esso aviation instru- 
ment oil (WS-429), and Gyro A. A. F. specifica- 
tion oil No. 3,600. 


Winterizing of cameras will be done by the manu- 
facturers, or it can be done by the individual. It 
usually requires almost a complete disassembly of 
moving parts. Normal lubrication is flushed from the 
bearings by use of high-test gasoline or some other 
suitable oil solvent. Small parts such as shutters 
(with lenses removed) can be dipped in the gasoline. 
Other parts can be flushed by ejecting gasoline from 
a small bulb syringe. 


After winterizing, cameras should be operated 
many times to be certain that all parts are function- 
ing properly. Motion-picture cameras should be run 
for some time to make sure bearings are thoroughly 
broken in. Whenever practical, cameras should be 
tested in a refrigerated room where the temperature 
can be reduced to —50° to —65° F. 


White slip covers were suggested to protect 
cameras from heat in the tropics. Conversely, BLACK 


370 


SLIP COVERS will help insulate against cold in the 
polar regions. | 

In extremely frigid weather, motion-picture 
cameras—particularly sound cameras—which are 
motor-driven will have to be covered with heat pads 
to keep them operating at proper speed. Batteries 
produce a lower voltage at low temperatures, so they 
will need frequent recharging. Tripod heads should 
be re-lubricated with one of the special winter oils, 
or not oiled at all. 

Lack of proper winterizing results in slower cam- 
era speeds of motion-picture outfits and slower shutter 
speeds on still-picture cameras. If the lubrication is 
not removed from the lens movable diaphragm sleeve, 
it will become set and immovable. Shutter speeds may 
slow up FROM TWO TO FIVE TIMES, Some idea of the 
shutter’s behavior at low temperatures should be de- 
termined by tests. Then proper compensation can be 
made while exposing under those conditions. 

You will be undergoing as rugged conditions as 
your camera is. You don’t need to be told to protect 
yourself so you will “run right’ too. But one word 
of caution might help you immeasurably some day. 
Since the skin is apt to stick to cold metal at icy tem- 
peratures, you should NEVER USE THE BARE FINGERS 
FOR LOADING THE CAMERA or making adjustments. 
Wear silk gloves, or gloves of similar thinness, under 
your regular gloves or mittens. Then you will have 
some freedom of manipulation without the danger of 
injury. Be careful not to rest the cold metal parts of 
a camera against your cheek, as is the practice when 
a camera has a direct-vision eye-level finder. 

Film edges tend to be sharper when they are ex- 
tremely cold. Use caution or you'll have some badly 
cut fingers. 

One more word about the arctic—sTATIC MARKING 
on film. When film is stored indoors, with the rela- 
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tive humidity quite low, and then used outdoors 
where it is cold, it may under some circumstances 
show static markings. Especially is that likely if it 
is moved too rapidly in the operation of the camera. 
FILM PACK TABS SHOULD BE PULLED SLOWLY AND 
EVENLY. ROLL FILM SHOULD BE WOUND SLOWLY. 
There is less danger of static charge in 16-mm. motion 
picture film as it is wound on metal reels which are 
grounded to the supply and take-up spindles. Tests 
indicate that at normal motion-picture camera speeds 
there is little likelihood of static marking. 


AT SEA 


At sea you may be either in the tropics or in the 
arctic. If so, apply the information already given 
you. There is one other serious difficulty which you 
must constantly guard against. That is the collection 
of salt spray on the camera lens. 

User A PROTECTIVE GLASS IN FRONT OF THE LENS. 
This can be either a piece of clear, optically-flat glass 
or a photographic filter. Filters are usually available 
and are less costly to replace than a lens if the surface 
is damaged. Filters such as the Kodachrome haze 
filter can be left on the camera for both black-and- 
white color photography. THEY DO NOT HARM WHEN 
THEY ARE NOT ACTUALLY REQUIRED. 

Many Navv photographers make it a practice to 
carry 6 or more glasses with them. Sometimes they 
use all of them in making a series of pictures. Salt 
water spray can be cleaned quickly from the protect- 
ing glass or filter. If the glass becomes badly spotted, 
it can be easily changed. 

High humidity causes corrosion and other difficul- 
ties at sea. However, refrigeration and electricity are 
usually available aboard ship. Equipment can be 
stored at proper temperature and relative humidity. 
And it can be cleaned frequently. 
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AT HIGH ALTITUDES 


Cold and dry. That’s the usual “weather” in high 
mountains and in airplanes at high altitudes. In that 
respect it’s like the arctic. Therefore the precautions 
recommended for the arctic can be followed. 

In photographing from a plane, as at sea, a filter 
or a piece of optical glass over the lens is advisable. 
Without such a covering, a fine spray of oil or grease 
from the engine might collect on the lens. 

Look out for yourself, too, when you're going to 
work at high altitudes. Oxygen being less abundant, 
you'll tire easily. And likely your “thinker” will be 
less nimble. Some photographers have experienced 
the feeling that everything was going extremely well, 
only to discover later that many things had been for- 

gotten in carrying out the assignment. 
It is not a bad idea to attach to the camera a type- 
written list of the steps involved in its operation. 
Then you will be reminded before making each pic- 
ture to check the setting of the diaphragm and shut- 
ter, pull the slide, and take the other steps which at 
normal altitudes you would carry out subconsciously. 


ON THE DESERT 


Deserts are much like the tropics, save for the 
humidity. Proper care of photographic equipment 
follows the same line. 

A special bugaboo of the desert, however, is blow- 
ing sand or dust. Sand can etch the surface of the lens 
so that it is unusable until repolished at the factory. 
Here again—as at sea and in airplanes—a haze filter 
or a piece of clear optical glass will do the trick. Such 
a covering can be left on the lens at all times. 

FINE DUST AND SILT WILL SEEP INTO EVERY CRACK 
OR OPENING. It will damage the shutter, diaphragm 
and other parts. One protective method is to cover all 
cracks and openings with Scotch tape or adhesive 
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tape. A wide rubber band will form a dust- -tight gas- 
ket around the shutters. In most cameras it is possible. 
to slip the shutter cocking lever through a small slit 
in the rubber. The band then will stretch with the 
lever and keep the opening covered. 

Cameras and paraphernalia should be kept in dust- 
tight cases when not in use. Use weather-stripping or 
rubber gaskets on the cases. _ 

In sand or dust storms, motion-picture cameras 
should be loaded in a loading or changing bag. Small 
16-mm. cameras can be placed inside the bag before 
the camera door is opened. With some 35-mm. cam- 
eras, the bag can be stretched over the lens to provide 
some degree of protection even though it cannot be 
sealed tightly. 

Similar precautions often’ need to be taken around 
an airport where plane propellers whip up dust. 

Cameras used under all such conditions should be 
cleaned and oiled frequently. Any gummy formation 
in the camera parts produced by the mixture of oil 
and silt. should be removed before re-lubrication. 


CLEANING LENSES 


The importance of keeping camera lenses clean has 
been stressed. But don’t get TOO AMBITIOUS about it. 
Control yourself! If you go at it too vigorously in 
an effort to do a good job, you'll end up with a | very 
bad job. 

Lenses are scratched easily. They should not be 
cleaned with handkerchiefs or néckties or bits of cloth- 
ing. Lint might be deposited. Lenses which have been 
given a protective coating on the air surfaces, such as 
the Ektar type, must be handled very carefully. 

Always use, if possible, lens cleaning fluids and 
tissues supplied by manufacturers. A swab of soft, 
well-washed linen dipped in pure grain alcohol or 
ether may also be used. These solutions should not 


374 


touch the lacquered metal rims or mounts of the 
lenses. The lens may then be polished with a soft, 
clean, lintless cloth if the specially prepared tissue is 
not available. 


Use of suitable fluid and material is the only safe 
and effective means of cleaning really dirty lenses. 
If it is only a matter of dust, lint, or crystallized 
spray, a fine camel’s hair brush is satisfactory. An- 
other way is to use a nasal syringe, or compressed 
air which has been filtered. Or better still, the lens 
and other parts can be vacuum-cleaned so that dust 
or lint will not become re-lodged somewhere else on 
the camera. 


CARE OF MOVIE CAMERAS 


No piece of equipment which a Navy photographer 
uses is better designed or more intricately constructed 
than the motion picture camera. 

Most of the suggestions already presented apply 
with equal force to still picture and motion picture 
equipment. A few additional points relating specifi- 
cally to the care of movie cameras are in order. 

Breakage or stoppage of film within the camera 
can harm the precision mechanism. That puts a pre- 
mium on CORRECT LOADING. The first requirement 1s 
to maintain the film loops as specified for the par- 
ticular camera. Sprockets must engage film perfora- 
tions properly. See that the film slides smoothly 
through the gate. If necessary, practice with dummy 
film until you master the procedure. 

A regularly used movie camera should be oiled 
after each day’s operation. MINIMUM ATTENTION 
ealls for lubrication after EACH 5,000 FEET of film 
has been run through. When operating at the high 
speed of 128 frames per second, the camera should 
be oiled after the running of EACH 400 FEET. 
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High speed units should have a piece of perforated 
oiled paper placed between the aperture and the back 
plates when the camera is not in use. 

Electric motor operation of moving picture cam- 
eras requires frequent checks of motors, cables and 
batteries. All battery cable connections should be 
cleaned before and after each usage. 

Cleanliness of the camera mechanism is paramount. 
Thorough cleaning, inside and out, after each use is 
recommended. Lightly-oiled rags may be used. 

Motion picture cameras should always be stored 
in their cases and in a dry place. 


TIPS AT RANDOM ~ 


Use your head! A generous dash of COMMON SENSE 
must be added to the “recipes” given you for the 
preparation and care of phofographic equipment. 
You are smart enough to meet emergencies which 
aren’t exactly covered by “the book.” 

To help you apply your common sense, here are 
some “things to remember” in order to prevent a 
great deal of damage to your equipment. 

Watch out for frost on the lens when taking a cam- 
era from a warm interior to a cold exterior. 

Watch out for condensation of moisture on the lens 
or other parts when taking a camera from cold to 
heat. (Sometimes it is possible to leave the camera 
in a cool ante-room instead of taking it immediately 
into warm, moist air.) 

Make sure of your footing. Don’t walk around 
while looking at the ground glass of a Graflex without 
knowing where you are stepping. Maybe you’re not 
concerned about falling and hurting yourself, but for 
Heaven’s sake don’t fall and damage that camera! 

Keep all equipment in protective cases when not 
in use. 

Handle filters by the edges only. 
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Don’t force any knobs or other adjustments beyond 
their natural rotation or movement. 

Watch the release on the Kyemo motion picture 
camera. Hard handling will bend the release so the 
camera will not function. 

Always release the shutter tensions on Graphic and 
Graflex cameras before putting the cameras away for 
even a limited period of time. 

Don’t try to operate aerial cameras when there is 
no film in the focal plane. The vacuum back is sub- 
ject to serious damage when there is no film to 
cushion the force. 

Use proper lubricants only. Apply oil sparingly so 
it won’t splash around. 

Keep damaged equipment for possible spare parts. 
They might come in handy later. 

Take your time! Think three times of all the opera- 
tions required to be certain each adjustment is made 


properly. 
YOU'RE A SPECIALIST 


You're learning to be a cameraman. Not a repair- 
man. You'll be a jack-of-one-trade, and a master of 
one. 

The main job of a Photographer’s Mate is to take 
pictures. It is too much to expect that you will also 
be an expert in the repair of photographic equip- 
ment. Of course you'll have to know enough about it 
to make a routine “tune-up” and minor adjustment. 
But the “major overhaul’ job belongs to someone 
else. 

Unless specially trained in photo repair work, you 
MAY CAUSE ADDITIONAL DAMAGE by trying to “fix it” 
yourself, 

Photographic work in general can be divided into 
two groups. One might be called the “Operational 
Arm,” which would cover the making of pictures. 
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The other could be identified as the “Maintenance 
Arm,” concerning itself with service and repair. 
Although you may be proficient in maintenance, 

you as a student of this course will more likely come 
in the operational branch. Your responsibility, insofar 
as the handling and care of equipment is concerned, 
will be— 

To prepare equipment for use in a specific cli- 

mate and under specific conditions. | 





Figure 101—A Navy expert repairs an F-56 aerial camera. In the left 
foreground is a K-18 aerial camera. 
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To test and check equipment to make sure it is 
functioning satisfactorily. 

To determine, if the operation is unsatisfactory, 
what part of the equipment needs adjustment or 
repair. 

To decide whether the trouble is something you 
can correct alone or with the help of someone 
more skillful in making simple repairs. 


If the repair job appears to be a major under- 
taking, it should be turned over to a trained man in 
the repair department. Suppose the trouble is in lens 
or shutter and it is impossible or inconvenient to have 
the repair department take care of it. Then an optical 
shop aboard ship or the nearest repair station ashore 
having proper facilities and skilled men is bound to 
do a better job than the layman photographer trained 
in picture-making. 

Adjustment of range finders, flash synchronizers 
and other instruments requiring either fine optical 
correction or accurate timing should also be done by 
persons skilled in that branch of work. Manufacturers 
of such items usually provide specific instructions, 
which should be in the photographic technical library. 


TESTING YOUR EQUIPMENT 


Someone else is the “surgeon.” But you're the doc- 
tor through the business of “giving the physical” and 
making the “diagnosis.” 

Your “physical examination” of your photographic 
outfit does two things. It tells you whether the appa- 
ratus is working right. It gives you confidence that 
you and your equipment are functioning properly 
together. Then you feel free to devote more time and 
thought to composition, lighting, exposure and other 
factors which contribute to the success of your mis- 
sion. 
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Tests should be made only after careful study of 
the instruction manual for the particuar piece of ap- 
paratus involved. Manufacturers of photographic 
equipment spend great sums of money in preparing 
instructional leaflets. In many cases the bookets are 
promptly tossed into the wastebasket. It is a good 
plan for a Photographer’s Mate to read the leaflets 
for his equipment not once but several times. 


Take the manufacturer’s book for a camera, for 
example. Study it first, step by step, while identify- 
ing on the camera the parts shown in the instructions. 
After you use the camera a week or so, you will find 
there is much to be gained by a second reading based 
on your experience. A third reading at a later date 
usually provides information which was missed the 
first two times. 


In checking the camera or learning how to oper- 
ate it, never force any of the adjustment knobs 
for advancing the film or setting the shutter. 
PERHAPS MORE DAMAGE TO NEW CAMERAS BY 
NEW USERS RESULTS FROM FORCING ADJUSTMENT 
LEVERS THAN FROM ANY OTHER SINGLE CAUSE. 
A great many cameras have had to be repaired 
before they were ever used for making a picture! 


How are you as a Hawkshaw? You may have to 
do considerable detective work to track down the 
cause of a fault which is evident in a negative or print. 
An example will show you how the trial-and-error 
sleuthing goes. 


A. negative is fogged. A number of causes might 
be to blame. If you used film packs, first ask your- 
self, ““Was I careful in pulling the tabs, and were 
the packs carefully wrapped in tinfoil after the last 
exposure?” If so, you eliminate the possibility that 
faulty manipulation of the film pack fogged the nega- 
tive. If sheet film was used, did you load, unload and 
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develop the film in absolute darkness? You did? Then 
you're ready for the next deduction. 

Take the loaded film holder into bright sunlight 
without putting it in the camera. If on development 
light streaks are evident, the difficulty is caused by 
light leaks in the holder and not in the camera. If 
there are no streaks, repeat the test by placing the 
film holder in the camera. Withdraw the slide for 4 
or 5 minutes. During that time turn the camera at all 
angles but make no pictures. Develop in absolute 
darkness. Still foggy? Then it is farily well estab- 
lished that the fault is in the camera. 

That calls for checking the bellows. Extend the 
bellows to full length. In a dark room, insert an elec- 
tric light bulb inside the camera and bellows. If there 
are leaks, you will see pinpoints of light from the elec- 
tric lamp. There’s your culprit! Trap him by covering 
the pinholes with black masking tape or other opaque 

material such as surgeon’s tape. 


So you see it is sometimes a long road you must 
follow before you arrive at what you seek. But 
it is worth travelling if it will help you correct 
defective pictures. 


Shutter speeds often lose their accurate timing. 
While the actual repair or adjustment belongs to 
qualified technicians, you can determine whether shut- 
ter speed is the cause of exposure defects. Frequent 
checks are necessary by means of — 


PHOTOGRAPHIC TESTS or 
SHUTTER TESTING MACHINES 


In the first method, you can make a series of test 
photographs and examine the results for overexpos- 
ure or underexposure. That will indicate roughly the 
exactness of the shutter speed. Or, you can take a pic- 
ture with the camera you are testing and the same 
picture with a camera whose shutter is known to be 
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accurate. Checking one picture against the other will 
indicate whether your shutter speed corresponds with 
the correct one. 


For a higher degree of accuracy, the Mark Hurd 
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Figure 102—Diagrams of records made by a Mark Hurd shutter tester. 
Top, with a focal plane shutter. Below, with a between-the-lens shutter. 
shutter tester, portable type (Series No. A2 in the 
Navy) is recommended. This tester plugs into a 
60-cycle 110-volt outlet. Its constant speed motor 
turns a glass drum in which is coiled a piece of bro- 
mide paper. Vertical lines are etched on the drum. 
Light from a lamp passes through the lens and shut- 
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ter when the shutter is open and makes a record on 
the bromide paper. When developed, the paper shows 
a black path across it where the light hit. The etched 
lines appear on the print as white lines at right angles 
to the black path. The etched lines represent 1/1000 
second between each pair. If the black pattern ex- 
tends from one white line to another, your shutter 
speed is 1/1000 second. If the black area covers the 
distance between three white lines (twice as long as 
in the first example), your shutter speed is 1/500 
second. 

The sYNCHRONIZING FLASH UNIT is another piece 
of apparatus apt to get out of adjustment. Graflex 
and Mendelsohn flash guns are the types generally 
used in the Navy. Instruction booklets provided with 
them and with the several other types explain the cor- 
rect adjustment. Here again the actual timing of the 
flash to the shutter opening calls for an expert in that 
work. But the average photographer can make tests 
to determine whether his flash lamp and camera are 

“in step.” 

Synchronization depends upon two factors. First, 
the proper type of flash unit must be selected for a 
given type of shutter. Second, the timing device must 
be set carefully. This device should be adjusted so 
that the camera shutter starts to open after the flash 
lamp begins to burn and closes before the lamp is 
finished burning. Of course when pictures are made 
by open flash, the shutter can open before the flash 
starts and close after it ends, thus making use of the 
lamp’s full output. 

The continued accuracy of synchronized flash 
lamps will depend to some degree upon prevailing 
temperatures. At low temperatures, when cameras 
have not been winterized, the shutter speeds are al- 
most certain to be quite slow. 

It would be possible for the flash to go off before 
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the shutter started to open. Therefore it is extremely 
important, where flash photography is contemplated 
at low temperatures, that the equipment be winterized 
properly. | 

The energy output of flash batteries is also greatly 
affected by low temperatures. That, in turn, influ- 
ences the time lag introduced by the synchronizer. If 
a synchronizer working properly at normal tempera- 
tures fails to do so at freezing temperatures, the cause 
can be attributed equally to cold batteries and to the 
lubrication in the camera. Faulty synchronization 
may also occur even with cameras which have been 
winterized if the batteries become too cold. Therefore 
every effort should be made to protect the batteries 
and keep them in as near temperate climatic condi- 
tions as possible. 

Most synchronizers of the professional type have a 
provision to adjust the air gap of the tripping unit. 
Closing this gap, as a general rule, advances the work- 
ing of the tripper, and opening retards it. Test ex- 
posures can be made at three different settings of the 
air gap. On development it will be possible to tell 
which is correct for the most effective exposure. Usu- 
ally three test shots will determine this point. How- 
ever, it is possible that the test may have to be repeat- 
ed if the synchronizer is completely “out of tune” 
with the shutter. 

LENS FOCUSING SCALES also require checking. Place 
a piece of ground glass in the focal plane of the cam- 
era—ain the plane which the sensitive film usually oc- 
cupies. With the shutter and diaphragm opened, focus 
on objects at a measured distance from the camera. 
A good object-target is printed matter with varying 
sizes of types, such as a newspaper, magazine, calen- 
dar or billboard. Measure the distance from camera 
to object-target. When the object is sharp on the 
ground glass, the distance indicated on the lens focus- 
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ing scale should be the same as the actual measured 
distance. Make photographic exposure tests of the 
object-target and examine the negative with a hand 
magnifier. 

Make the tests WITH THE LENS WIDE OPEN, and 
only the shutter speeds changed to adjust for expo- 
sure. 

Lack of forethought can cause inexcusable acci- 
dents. Here’s one, for example, that has happened 
more than once and might happen to you. You are 
experimenting with a camera having a focal plane 
shutter, checking it to see that the curtain operates 
perfectly at different speeds. You press the back of 
the camera against your stomach when the film pack 
or roll film adapter is not in place. You trip the 
shutter. 

A button on your coat catches in the slit of the cur- 
tain, preventing it from closing entirely. It is impos- 
sible to wind the curtain back. The button has to be 
cut off the coat and permitted to drop inside the cam- 
era so the shutter will close before being reset. That 
would necessitate only re-sewing a button on a coat. 
But suppose—as is more likely—you do not realize 
the button is caught. You lift the camera. The button 
locked in the slit tears the shutter out of the back of 
the camera. That means an extensive repair Job and 
replacement of the entire curtain. 

Every photo laboratory, ashore or afloat, should 
have a technical file of instruction booklets and other 
literature pertaining to all types of equipment used 
in the Navy. These are always available for reference 
when there is any doubt as to what a certain lever, 
knob, or adjustment screw is for. 

Nearly all manufacturers provide detailed instruc- 
tion booklets which indicate either by drawings or 
photographs the necessary information to operate 
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their equipment properly. Each Navy photographer 
should take full advantage of such information and 
become fully familiar with the design and operation 
of every piece of equipment which you will use in 
the field. — 

It is your responsibility as a Navy Photographer 
to maintain the quipment you use in the best possi- 
ble condition at all times. Your success as a photog- 
rapher depends on two factors— 

The performance of the equipment and material 
at your disposal. 

- Your ability to apply this to the problem at hand. 

To a good photographer the care of equipment be- 
comes almost second nature. The results are well 
worth the effort. | 
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| CHAPTER 11 
ADMINISTRATION, REGULATIONS, RECORDS 


DON'T BE A MONKEY WRENCH 


You'll be a cog. You'll help make the wheels turn. 
It will be an advantage for you to know how the ma- 
chinery runs. That means an understanding of the 
administration and organization of the service branch 
of which you will become a part. Without such 
knowledge you’re apt to be a monkey wrench in the 
machinery. 

Knowing your organization also involves an ac- 
quaintance with records and regulations. It takes a 
lot of them to run any big enterprise. And Naval 
Photography is just that. 

Red tape? No, you can’t shrug it off like that. 
“Red tape” is superfluous routine which ensnarls you 
when you're trying to get something done. In Naval 
Photography, the directives and procedures and 

“paper work” are designed to HELP you get your Job 
done—WITH TOP EFFICIENCY. 

This final chapter will acquaint you with— 

The set-up under which you will operate. 

Your duties and those of your fellow-workers. 
Requirements for marking, filing and forward- 
ing pictures. 
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Forms and records used in photographic labora- 
tories. 


General Order No. 179, issued 26 August, 1942 
by the Navy Department, says at the outset-— 

The importance of and necessity for photography is recog- 
nized by the Navy. . . . Photographs have many and varied 
uses and in many cases provide the only means of transmitting 
essential information or adequately recording events for his- 
torical purposes. 


The Order sets forth the “major uses of Photog- 
raphy as related to the Navy” — 


STRATEGICAL AND TACTICAL INFORMATION. 
TECHNICAL REPORTS AND RECORDS. 

PUBLIC INFORMATION. 

RECRUITING. 

HIsToRICAL. 

TRAINING. 


Then it goes rather extensively into policies and 
regulations related particularly to the protection of 
matter classified as secret, confidential, or restricted. 
YOu SHOULD READ GENERAL ORDER NO. 179 IN FULL. 

Another important general order along a similar 
line is No. 180. It relates to the law restricting the 
taking of pictures of military installations and equip- 
ment. YOU ALSO SHOULD READ GENERAL ORDER NO. 
180 IN FULL. 


ADMINISTRATION 


Navy photography is under the supervision of the 
Chief of the U. S. Naval Photographie Service who 
is responsible for all matters pertaining to Naval pho- 
tography (except strictly technical photography per- 
formed by certain bureaus and offices). 

Regulations governing the administration of photo- 
graphic units, duties of personnel, equipment and 
materials, and many other administrative details are 
set forth in the Manual of the U. S. Naval Photo- 
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graphic Service soon to be published and distributed 
to each authorized photographic activity. 


The U.S. Naval Photographic Service keeps Navy 
photography abreast of the most advanced develop- 
ments. Service tests of new equipment, methods and 
techniques are conducted as directed by the Chief 
of U. S. Naval Photographic Service who maintains 
close liaison with the photographic industry, other 
branches of the armed forces, and with other govern- 
mental activities. It is the responsibility of each 
photographic unit to report to the Chief all matters 
pertaining to the development and modification of 
equipment and processes so that the experiences of 
each unit may add to the advancement of Naval 
photography. 


THE PHOTOGRAPHIC UNIT 


A photographic unit consists of the PHOTOGRAPHIC 
FACILITIES AND PERSONNEL ASSIGNED TO A NAVAL AC- 
TIVITY, such as a ship, shore station, or aircraft 
squadron. The function of the unit is to provide com- 
plete services in all the phases of photography that 
operational requirements of the activity may demand. 


Administration and operation of the photographic 
unit is the responsibility of the commanding officer of 
the ship, squadron, or shore activity in which it is 
established. To the extent that operational require- 
ments permit, officer graduates of the Naval School 
(Photography) are assigned to such activities for 
direct supervision as Photographic Officers. 


Organization within units varies according to their 
size and kind of duty. The Photographic Officer, 
assisted by the Chief Photographer’s Mate and per- 
haps others in responsible positions, prepares an 
organization bill. The unit is divided into sections 
with a leader assigned to each. 





- Here is an example of sections which might be 
established in a LARGE SHORE sTATION photographic 
unit— 


Administration.—All clerical work such as re- 
ceiving, logging and preparing Job orders, fil- 
ing negatives, etc. 

Store Room.—Receiving, storing and issuing ma- 
terial. 

Chemical.—Preparing, storing and distributing 
chemical solutions. 

Camera.—Making the photographs. 

Darkroom.—Developing, fixing, washing and 
drying negatives. 

Contact Printing.—Producing contact prints. 

Projection Printing.—Producing enlargements. 

Finishing.—Washing, drying, spotting, mount- 
ing and other finishing of prints. 

Technical publications pertaining to Navy photo- 
graphic equipment and procedures are prepared and 
published as Bureau of Aeronautics publications and 
may be ordered from the Naval Aeronautics Publica- 
tions Index (NavAer 00-500) . Publications are issued 
to authorized photographic activities and not to 
individuals. 


PLANNING A LABORATORY 


Photographic units may or may not have a labora-. 
tory, depending upon the nature of the activity. The 
units of some mobile activities, such as patrol plane 
squadrons, are dependent upon the laboratory of the 
ship or station from which they operate. 

Laboratory lay-out is often one of the duties of a 
new photographic unit, or of a previously established 
unit which did not originally have a lab. The U. S. 
Naval Photographic Service will furnish sample plans 
upon request and will aid in planning the lay-out. 
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The plan must be approved by the Chief of U. S. 
Naval Photographic Service and then forwarded to 
the Bureau of Yards and Docks. 

Laboratories are standardized as much as possible 
so. that identical equipment may be used universally. 
The planning problem of the photographic unit is 
mainly one of utilizing the available space to greatest 
advantage. 

Actual layouts vary to such a degree that each is 
an individual problem. The accompanying sketches 
for two proposed labs are included as examples. For 
purpose of clarity in the small illustrations, only the 
general layout is shown without all of the detailed 
designations which go into a blueprint. 

Drawings of ship laboratories are not shown here 
as the plans are drawn up by the Naval Photo- 
graphic Service and the Bureau of Ships and vary 
according to the type ship and the space made avail- 
able for photography. 


PROCUREMENT OF SUPPLIES 


Photographic material for a new ship or station 
is forwarded by the direction of the Naval Photo- 
graphic Service. Established material allowance lists 
for various types of activities are followed. The 
Bureau of Supplies and Accounts Manual, Chapter 
27, cites the procedure. 

Units replenish their materials by submitting requi- 
sitions twice a year to the nearest supply point. Inso- 
far as possible, the requests should reach the supply 
point prior to 1 July and 1 January of each year. 
Requisitions may be submitted at other times during 
the year when operating requirements warrant. 

Designated supply points for photographic mate- 
rial are listed in the Standard Photographic Stock 
List (NavAer Form 453) along with detailed instruc- 
tions for requisitioning. 
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Two points in the consumption and requisitioning 
of materials merit special attention. 

Careful check should be kept of the expiration date 
on perishable materials and the oldest stock should 
be used first. Film and paper have been found entirely 
satisfactory for use long after the expiration date 
marked on the container, but try to use it before the 
date shown. Don’t throw it away simply because the 
date has passed. 

The second point has to do with requesting non- 
standard material—items not appearing on the 
Standard Photographic Stock List. A separate requi- 
sition form is used and forwarded to the Chief of 
U. S. Naval Photographic Service. There must be a 
definite and clearly stated reason for ordering non- 
standard material. 

Requirements must be anticipated. THE SUPPLIES 
ORDERED MAY NOT BE AVAILABLE, AT TIMES, FOR PE- 
RIODS AS GREAT AS 6 TO 18 MONTHS. Supplies are for- 
warded promptly if possible. Delays occur principally 
when the material requested is unusual and the order 
must be referred clear through, possibly, to the manu- 
facturer. 


DUTIES OF PERSONNEL 


Sometimes you may be practically the whole show. 
In a small unit, that is to say, you may have to do 
the planning, photographing, processing, filing, and 
record keeping. Or at least you may be involved in 
two or three of those steps. However, in a large unit, 
operating with a fully equipped laboratory and a 
sizeable complement of personnel, duties are pretty 
much specialized. 

A big organization like that will have a Photo- 
graphic Officer, possibly an Assistant Photographic 
Officer, a Chief Photographer’s Mate, or perhaps 
more than one, and section leaders. 


392 


Duties of the Photographic Officer are: 


(1) 


(2) 


(3) 


(4) 


(9) 


Advise the cognizant authorities of the 
capabilities of the personnel on board and 
the material readiness condition of equip- 
ment on hand. 

Maintain the laboratory in a clean condi- 
tion and insure that adequate stocks of the 
proper photographic equipment and mate- 
rials are available for use. See that stocks 
of material on hand are properly stored. 
Make necessary arrangements for the di- 
rect photographic coverage of routine sub- 
jects and’ events or happenings of an im- 
portant historical or newsworthy nature. 
Supervise the indcctrination and training 
of photographic personnel in the use of 
aerial, motion picture and _ still, camera 
equipment. 

Insure the material readiness of camera 
installations in aircraft and assist aircraft 
squadrons in the photographic training of 
pilots and aircrewmen. 

Supervise aerial photographic work within 
the unit to which he is assigned and make 
recommendations relative to flight orders 
for photographic personnel. . 

See that good quality photographic work 
is produced and that negatives, and prints 
are properly titled, numbered, dated, clas- 
sified, and forwarded in accordance with 
current instructions. 

Maintain a photographic negative and 
print file and completed printing work file 
in accordance with current instructions. 
Permit no commercial activity by person- 
nel under his direction or the use of equip- 
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ment and facilities of the laboratory for 
such commercial purposes. 

(10) Comply with existing instructions regard- 
ing Naval photography. 

(11) Maintain custody of and accountability of 
all photographic equipment. 

(12) Assign priorities to work being processed 
in the laboratory to insure delivery of most 
urgent material first. 

(13) Supervise the training of personnel in the 
latest developments and techniques in naval 
photography. This information is pub- 
lished to the Naval service in Navy De- 
partment Photography Technical Bulle- 
tins, Army-Navy Service Bulletins, and 
Army-Navy Technical Orders. 

(14) Prepare and forward, via the commanding 
officer, the Quarterly Photography Report 
(NavAer 453) at the end of each quarter. 


Duties of the Chief Photographer’s Mate include 
responsibility for the unit’s actual production, under 
the supervision of the Photographic Officer. The 
Chief usually is in charge of the personnel of the 
unit, particularly in the assignment of the individual 
men to the various phases of the work. He directs 
the routing of orders through the various stages of 
taking the pictures, developing, printing, filing and 
forwarding. His work is both simplified and expedited 
by the assignments of section leaders. 


DUTIES OF THE SECTION LEADER are to see that his 
particular step in the process is properly completed. 
He reports directly to the Chief of all matters per- 
taining to his section. Section leaders are usually 
chosen from among the highest rated men. By chang- 
ing them from one section to another, the development 
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of Photographer’s Mates with well-rounded experi- 
ence is assured. 
DON'T PARK HERE! 


You won’t have to “stand still” after you’re as- 
signed to a unit. You can still “go places’—in 
broadening your ability and in improving your rating. 

Keep.moving! The odds are in your favor. Photo- 
graphic units are perpetual training grounds. Onn 
OF THEIR MOST IMPORTANT AIMS IS TO QUALIFY INDI- 
VIDUAL MEMBERS FOR BETTER DUTY ASSIGNMENTS. 

If you demonstrate above-normal ability in a par- 
ticular field, you will get a responsible position. If 
there is any question of your training, experience or 
ability, you will be assigned to a position where your 
work can be checked and improved by men with more 
highly developed skill. 

Mates often are moved from section to section for 
the purpose of giving them wider knowledge—and 
better opportunity for advancement into a position 
requiring adeptness in all phases of photographic 
activity. | 

Many members of photographic units also receive 
the opportunity to attend the Naval School (Photog- 
raphy). Your interest in your work, your initiative, 
your general attitude, your ability will be considered 
before transfer to the school. | 


| LABEL THEM WELLI 

The family album is a lot of fun after a few years 
have passed. What gives it everlasting interest and 
value are the bits of information like—“This is Mary 
on her sixth birthday standing by our new car.” 

The identification of your official Navy photo- 
graphs won’t be as simple and homey as that, but the 
general idea is the same. Pictures must be labeled 
or they are liable to be meaningless—or to become 
meaningless if their identification is left to memory. 
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Suppose the pictures in your newspaper had no 
captions—“cut lines,” they call them. You certainly 
would have a queer mystery on your hands. That’s 
about the way the Navy Department or its branches 
would feel if you sent them a photograph without 
complete data. Such pictures are often valueless for 
periods of time, and the delay could result in serious 
losses of material, personnel, and energy. 

THE DESCRIPTIVE DATA—THE CAPTION—IS EVERY 
BIT AS IMPORTANT AS THE PHOTOGRAPH ITSELF. 

The mere.explanation of what the picture shows is 
not nearly enough in Navy photography. It must 
bear various letters and numbers to establish its 
source, and certain other specific information. You 
will find complete details on identifying markings, 
and on the necessary descriptive data, in the Manual 
of U. S. Naval Photographic Service. 

Rubber stamps are provided to indicate whether 
the photograph is in a “release” or “non-release”’ 


MADE FOR 
SUBJECT 


OFFICIAL PHOTOGRAPH RELEASED 


Not to be used for publication If published credit must be 
by order of given as follows 
The Chief of the Bureau "Official Photograph 


of Aeronautics U. S. Navy” 





Figure 105—Samples of stamps. 
396 


status and whether it is classified for security pur- 
poses. Three of the seven stamps are shown in the 
two examples in figure 105, the top and lower parts 
of each example being separate stamps. The other 
four stamps contain the single words, TOP SECRET, 
SECRET, CONFIDENTIAL, RESTRICTED. 


FORWARDING OFFICIAL PHOTOGRAPHS 


Negatives and prints of most official photographs 
must be sent to executive agencies of the Navy. Ex- 
ceptions are made in the cases of routine pictures 
which are taken for local purposes and are obviously 
of no importance or interest to other Naval Authori- 
ties. 

In case of doubt, Ir IS BETTER TO FORWARD TOO 
MUCH MATERIAL THAN TO RETAIN MATERIAL WHICH 
WOULD BE OF VALUE IF MORE WIDELY DISTRIBUTED. 

The latest directives on where and how to send 
negatives and prints should be consulted in all cases. 

Photographic units are kept advised on the current 
forwarding instructions which apply to them. These 
instructions will include details on the number and 
size of the negatives and prints which must be sub- 
mitted. 

And Hurry IT uP! The Chief of U. S. Naval Pho- 
tographic Service stipulates that pictures of strategic, 
intelligence, or news interest be forwarded IMMEDI- 
DATELY VIA THE MOST RAPID MEANS OF TRANSPORTA- 
TION. Ships are advised to forward all negatives and 
prints immediately upon arrival at the first port to 
prevent possible future loss. 

Original negatives may be retained if for military 
reasons a commanding officer considers such retention 
necessary. An example of such a case would be an 
aerial reconnaissance sortie over enemy territory of 
which photographs made on successive days are 
wanted for comparison. 
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Provision needs to be made for insuring against 
total loss of pictures. This can be done by making 
two separate shipments when existing conditions and 
the value of the pictures makes such precautions ad- 
visable. Pictures sent from ships at sea and from 
outlying bases, for example, require a “double check.” 

One procedure is to forward a negative and one 
print and then, in a second and later shipment, an- 
other print. For the exact method, the latest official 
directives must be watched. 

Regulations also are issued from time to time in 
regard to photographs taken by Naval personnel for 
personal use. In war time they are usually forbidden 
unless specifically authorized by a responsible com- 
mander. In peace time, under certain circumstances, 
they must be reviewed and cleared by proper authori- 
ties. 
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Figure 106—Mounting card. 
MOUNTING AND FILING 


Official file photographs are mounted on cards fur- 
nished by the Bureau of Aeronautics. The cards pro- 
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vide space for descriptive data, as shown in figure 106. 
When mounted prints are to be retained, however, 
they are filed by subject matter. Negatives, on the 
other hand, are filed in number sequence. 


Some negatives are not worth keeping. There is 
no use in cluttering up the files unnecessarily. Unless 
negatives of poor quality are of such military and 
historical value as to render them irreplaceable, they 
should be destroyed. 


PHOTO LAB RECORDS 


Some people regard records as a “necessary evil.” 
‘You may be one of them. But you will admit that 
without ample records and forms, any business would 
quickly find itself in a hopeless jumble. The “paper 
work” in running a Navy photographic laboratory is 
kept to a minimum. It requires only a FEW MINUTES 
EACH DAY. But it will save HoURs in the long run. 


The records needed in your laboratory will depend 
to some extent on the size and scope of your activity. 
Naturally a small operation doesn’t require such an 
extensive filing system as a big one. 


A full-fledged record system will be outlined here. 
Then you will be acquainted with it when you are 
assigned to a large laboratory. Or, if in a smaller 
operation, you will find some parts of the system in 
use. And again, if it should become your duty to 
help set up a laboratory, you can use this as a basis 
and modify it as necessary. 

Suggested records are— 

Job order form. 
Job order log. 
Negative file. 
Negative log. 

Cross index card file. 
Print file. 


399 


Equipment and supplies inventory card file. 
Photographer’s data sheet. 


The JOB ORDER FORM may be a mimeographed sheet 
about 8-inches by 10-inches in size. This form serves 
as authority for the work, job record, and receipt. 
It travels with the job throughout its course. Job 
order forms are numbered consecutively and filed 
according to number for future reference. They may 
be discarded in time or placed in “dead”’ storage. 

In making out the form, all information pertaining 
to the job should be recorded to prevent cause. for 
additional questions by men doing the work. The 


PHOTOGRAPARIC LABORATORY 
U.S.S. TUSCAROBA 
JOB ORDER BO. 7,2 #/ DATS? /f Atar / F438 


Fro: 2 7 Cayweur, SE Cviw Activity “ces, Zeer 


It ts requested that the following photographs be sade and 
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Figure 108—Job order log. 


first section is filled out at the time the order is re- 
ceived. The center section is filled out in the labora- 

tory, and the bottom section at the time of delivery. 

; This form can be modified for motion picture orders. 
The JOB ORDER LOG is a book of any convenient size 
n whicl job orders are entered, first at the time 
and second after delivery of the 
serves as a statistical record 
historical record even after 
ded. The statistics may be 
the Quarterly Photo- 
onstantly used as a 
completed. It may 
th for summarizing 


order log is some- 

kept on file until 

fer to them is neg- 

the job orders may 

ts of the same picture 
QV? pt? e ° 

eard, 3° by 5” in size, 


Equipment and supplies inventory card file. 
Photographer’s data sheet. 


The JOB ORDER FORM may be a mimeographed sheet 
about 8-inches by 10-inches in size. This form serves 
as authority for the work, job record, and receipt. 
It travels with the job throughout its course. Job 
order forms are numbered consecutively and filed 
according to number for future reference. They may 
be discarded in time or placed in “dead” storage. 

In making out the form, all information pertaining 
to the job should be recorded to prevent cause. for 
additional questions by men doing the work. The 
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Figure 107—Job order form. 
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Figure 108—Job order log. 


first section is filled out at the time the order is re- 
ceived. The center section is filled out in the labora- 
tory, and the bottom section at the time of delivery. 


This form can be modified for motion picture orders. 


The JOB ORDER LOG is a book of any convenient size 
in which the job orders are entered, first at the time 
they are received and second after delivery of the 
completed job. This log serves as a statistical record 
of all work done and as a historical record even after 
the job orders are discarded. The statistics may be 
used in all reports, such as the Quarterly Photo- 
graphic Report. The book is constantly used as a 
reference for work in process or completed. It may 
be ruled off at the end of each month for summarizing 
work accomplished. 

In small laboratories the job order log is some- 
times eliminated. Job orders are kept on file until 
the probability of having to refer to them is neg- 
ligible. At the end of each month the job orders may 
not want to file negatives or prints of the same picture 
in four different places. So a card, 3” by 5” in size, 
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TUBS 3251 —5-2§ 


@aF-1 in flight showing terpede camera 
attached to sear wing. Right side. 





Figure 109—Negative jacket and cross index cards. 


is made for each subject in the picture. One card, 
for example, would say, “PLANE—TBF-1.”’ Another, 
“JONES, LT, THOMAS J. A third, “CAMERA, TOR- 
PEDO.” A fourth, “TrorPEDO.” Then, on the negative 
jacket you would put the words PLANE, JONES, 
CAMERA, and TORPEDO. 
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18-F-31500 Film, sero, on spools, panchromatic, speed 50, 9', for K-20. 


Figure 110—Stock record card. 
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Prints are sometimes filed right with the negatives. 
However, if it is necessary to keep prints, a separate 
PRINT FILE is usually preferable. The finished pic- 
tures then are filed according to subject matter. Cate- 
gories might include, for example, planes, ships, per- 
sonnel, buildings. 


SUITED STATES NAVAL PHOTOGRAPING SERVICE 
MAVAER-1008 (REV. 1-0} Fill ovt in triplicate 


SUBJECT (Glse project number, eng) : ; 
‘Wocarion: SHIP OR STATION DATE SHIPPED i 
ee EF 
: 


PHOTOGRAPHER'S DATA SHEET 5 { 
an 


PROTOSRAPHER SIZE OF ROLLS. NEGATIVES TOTAL THIS SMIPMENT 
Jom Dore, Pol 1/¢ 3 
seperate 





TvPE OF FILM type of flan) 
[| ww, 16 MM. | | COLOR, 16 MM. | | aw, 3 MM. |_| COLOR, 35 MM. a] BW, STILLS | COLOR, STILLS 
ae 
GENERAL INFORMATION Un addition, slate eng hlions or . f e nd, stale ive, film, diet, oft.): 
> 
ROLL AND SCENE SUBJECT DESCRIPTION DATE AND TIM 
No. OR PACK AND | (List scenes, names ond events aeealey Attach moueenee clippings, programs, speech copies, OF ne VEN ute 
te.) 


EGATIVE No. n of the Day, e 


132 BD—/: # s aking o : fesilat ice i 610 _1),007, 
Barrier crash of SHD-I;, Pilot, Lt. D.K.Jones, USNR, __|6/12_13007_ 
injured, Hook failed to engage, — eee 








Presentation of Navy Cross to Lt. J.H, Williams, USNE 6/14 23002 
by Rear Adm, Ricsard Roe for action in Battle of Santa | 
a Left_to_right: Lt. Williams, Adm. Roe and ——___ 
|_Capt._John Smith, Commanding Officer,—U.S.S.—TUSCARORA——}—_—______— 
































(Centinve on reverse side) 
Figure 111—Photographer’s data sheet for still pictures. 
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THE EQUIPMENT AND SUPPLIES INVENTORY CARD 
FILE is a practical method of keeping track of labora- 
tory materials. It will simplify the task of taking in- 
ventory. It will keep at your finger tips the informa- 
tion on what new materials must be ordered and wher. 


PHOTOGRAPHER'S DATA SHEET 


SUITED STATES NAVAL PHOeTO@RAPEtC BERVICE 
MAVAER—1008 (REV. 12a) Full ovt In triplicate 3 
SUBJECT (Clee projet number, feng) 
Combat operations 28 

LocaTion GIP OR STATION DATE 

At Sea U.8.8. TUSCARORA 6ATNS i 
PHOTOGRAPHER SIZE OF ROLLS, NEGATIVES TOTAL THIS SHIPMENT is 
eo oe 
Tyra ov Fist (Check ene Vee seperate i a) 3 
| | ww, 16 MM. - OR, 16 MM. [| sw, 35 MM. La COLOR, 33 MM. | SW, STILLS | | COLOR, STILLS i 
CAMERA TYPE CAMERA SERIAL NO. 

Cine Kodak Special 

GENERAL INFORMATION Us eddillon, olals eng Ritone or prot i aioe spotom—ewire, fi a): 


wt OO 
‘ew KRG 


ROLL AND SCENE SUBJECT DESCRIPTION CA AND TI 
NQISGATIVE Now | (List scenes, somes, ond events occ: i a ae a clippings, progrean, speech coples, OF RONAN 
1. 100 ft. | Semi-close-up and close-up scenes of SBD's taking off 6/17 1300Z- 


2, 260 ft, oft uses 






SED washes out landing gear and noses over. Pilot 
received sligh njury right knee, 


(Continve on reverse side) 
Figure 112—Photographer's data sheet for motion pictures. 
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A separate stock record card is made for each item. 
It includes the Standard Stock List number and the 
name or description of the item. 


The record is then kept up much like a financial 
statement. It shows the quantity on hand, received, 
and issued for use, and the balance remaining. Ma- 
terials issued can be checked each month with the 
amounts accounted for in the job order log. 


The PHOTOGRAPHER'S DATA SHEET is prepared when 
negatives, prints, or motion picture film are shipped. 
One copy is sent with the film, two copies are mailed 
to the U. S. Naval Photographic Service, and one is 
retained for the file. 


A data sheet is not always necessary for still photo- 
graphs if the prints are completely and accurately 
captioned. Use of a data sheet is convenient when 
forwarding a series of prints. In that case, full infor- 
mation is provided on the form and it is not necessary 
to write a complete caption on every print in the 
series. A data sheet is always required when forward- 
ing motion picture film. 


The QUARTERLY PHOTOGRAPHIC REPORT must be 
submitted for the periods ending 31 March, 30 June, 
30 September and 31 December. It includes an in- 
ventory of material and equipment.on hand, material 
expended, and a summary of the work performed. 
The report is submitted on Form N Aer-451. 


SMOOTH SAILING, MATE! 


That’s all, sailor! You’ve covered photography 
from stem to stern. The broad scope of this intriguing 
occupation—scientifically, artistically, practically— 
has been unfolded in the two volumes of the Photog- 
raphy training course. 

You ought now to be able to approach any photo- 
graphic assignment with the satisfying feeling that 
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you are accurately and thoroughly fortified. ExPErRI- 
ENCE—the ultimate finisher in all fields of endeavor 
—will apply the crowning touch. 

Fun, work and success as a Navy puter ye 
await you. Shove off! 
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How Well Do You Know 


PHOTOGRAPHY 














QUIZ 


CHAPTER 1 
COLOR PHOTOGRAPHY 


1. What purposes does color photography serve in the Navy? 


(a) Give the color-sensitivity of each of the three layers 
of emulsion in Kodachrome film. 

(b) Why is it necessary to have a yellow-gelatin filter be- 
tween the top and middle layers of the Kodachrome 
film? 

(a) Why is it important to know the color temperature of 
light sources? 

(b) Suppose the film and the light are a little out of bal- 
ance. What can you do about it? 


. Will a Kodachrome haze filter eliminate all haze from color 


pictures? Explain. 
. Should you strive for the greatest possible lighting con- 
trast in color phutography? Why? 


(a) Name one advantage of Kodacolor Aero Reversal 
film for aerial use. 


(b) May Kodacolor Aero Film be used without a filter? 
How can Ansco color tungsten film be exposed by daylight? 


In stowing color film, which is better—(1) low temperature 
and high relative humidity, or (2) moderate temperature 
and low relative humidity ? 


CHAPTER 2 
AERIAL CAMERAS 


(a) Distinguish between oblique and vertical aerial photo- 
graphs. 

(b) Does a “high oblique” mean a photograph taken above 
10,000 feet? Explain your answer. 

Name the three types of shutters on aerial cameras. 
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Identify (a) an “‘all-purpose” aerial camera, (6b) the 
smallest and lightest aerial camera, (c) the ‘‘torpedo cam- 


. era’ and (d) the only aerial camera which MUST be oper- 


ated electrically. 


4. What does an intervalometer do? 


Can an aerial camera be rotated or tilted when it is at- 
tached to a mount? 


CHAPTER 3 
AERIAL FILM 


. What is the most widely used type of film in aerial pho- 


tography? 

In aerial photography, as a general rule, should you use 
the slowest possible shutter speed? 

Since aerial camera lenses are usually of fixed infinity focus, 
what factor will tell you whether your subject will be in 
focus? 

What developer solutions are generally used on aerial film 
in the Navy? . 

Why should you avoid using printing paper of different 
grades or emulsion numbers for printing a series of aerial 
photos? 


CHAPTER 4 


‘AERIAL PHOTOGRAPHY — THE "KNOW-HOW" 


1. 


To obtain a sharp oblique picture, is it necessary to hold 
the camera perfectly still? 

Why is it best to avoid taking an aerial photo just after a 
sudden drop in altitude? 

Name an advantage and a disadvantage of the Class B aerial 
map as compared with Class A. 


4. (a) What will the scale be if you use a 20-inch lens at 


20,000 feet? 
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(6) You are told to use a scale of 1/15,000 and you have 
an 814-inch lens. How high must you fly? 

(¢) You have to fly at 5,000 feet and your assigned scale 
is 1/10,000. You must use a lens of what focal length? 

(d) How large an area will each picture cover under the 
following circumstances—altitude 6,000, camera F-56 
(picture size 654 x 7 inches), lens 514”? 


5. Why is overlap necessary in pictures for a flight strip? 


10. 


Solve the following from these given facts—area to be 
mapped, 30,000 feet east and west by 18,000 feet north 
and south; flight directions, east and west; overlap, 60 per- 
cent in line of flight, 40 percent across line of flight; alti- 
tude, 15,000 feet; air speed, 200 knots; wind, 12 knots 
west; camera, F-56; lens, 10 inches. Find (a) number of 
exposures per flight strip, (6) number of strips required, 
(c) total number of exposures, (d) interval in seconds be- 
tween exposures. : 


What is the maximum permissible tilt of the camera when 
taking verticals? 


If a plane is crabbing, does the camera have to be turned 
too? 


The process of thinning down the edges of prints while 
preparing to assemble them into a mosaic, is known as what? 


In what order do you paste down the prints in assembling 
a mosaic? 


CHAPTER 5 
STEREOSCOPY — DEPTH IN PICTURES 


Name two ways of obtaining stereo negatives. 


In making aerial] stereophotographs, what is the interval 
between exposures if your scale is 1/8,000 and your ground 
speed is 250 knots? 

What kind of viewer must be used in viewing Vectographs? 
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10. 


11. 


How is a Vectograph like a sandwich? 


Can a mosaic map of a large area be made in Vectograph 
form? 


May Vectograph lantern slides be projected successfully on 
any type of screen? 


CHAPTER 6 
MOTION PICTURE CAMERAS 


. What is standard motion picture speed in frames per 


second? 


In threading movie cameras, what is done to prevent break- 
age of film as a result of the intermittent action of the 
pull-down claw? 


How do you put a Mitchell camera in position for focusing? 
Give a brief and simple definition of parallax. 


Can a Bell and Howell Standard be converted to high-speed 


operation? 


Does the Model Q Eyemo have a lens turret? Does the 
Model M? 


Is it correct that Model Q and Model M can be used either 
with outside magazines or with film spools inside the 
camera box? | 


If a movie camera is operated at norma] speed with its 
shutter at 160°, what is the exposure? 


Is it true that the Filmo can be operated by spring motor, 
hand crank, or electric motor? 


In loading, how are the Filmo “Auto’’-models and the Cine 
Magazine cameras similar? 


(a) What 16-mm. camera has a lens turret, variable shutter 
opening, and dual focusing and viewfinding system? 


(b) Construction of this camera differs from that of other 
“16’s” in what major respect? 
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CHAPTER 7 
MOTION PICTURE PROCESSING 


After you process a test strip, what do you do with it? 


. What is a Stineman reel used for? 


In winding film on a drying drum, why should slack be 
left in the film? 


Of nitrate and acetate base films, (a) which is safety and 
(6) which is explosive? 


Name three methods of determining the best printing ex- 
posure. 


In the printing process what is the purpose of the notches 
in the film? 


Is positive film developed in the same way as negative film? 


. In splicing, why is the film scraped? 


CHAPTER 8 
MOTION PICTURE TECHNIQUE 


. What piece of accessory equipment is an absolute “must” 
for obtaining the steadiest and best motion pictures? 
Is “panning” an effective technique for general use? 


When you increase your camera speed, should you increase 
or decrease the size of the lens diaphragm opening? 


Which of these speeds will produce “slow motion”—S8 
frames per second or 128 frames per second? 


Suggest two ways of achieving variety in sequences. 


. Which of these combinations will result in a good aerial 
movie—(a) large shutter opening, fast camera speed, short 
focal length lens, or (b) small shutter opening, slow camera 
speed, long focal length lens? 


. What is the purpose of editing motion pictures? 
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CHAPTER 9 
MOTION PICTURE PROJECTORS 


1. What is the purpose of the exciter lamp in a projector? 
2. Where should the speaker be placed? 


3. What tests are made before starting to project sound 


pictures ? 


. In threading a sound projector with silent film, does the film 
go through the sound gate and sprocket? 


. How often should apertures be cleaned? 


CHAPTER 10 
CARE OF EQUIPMENT 


. What causes corrosion, rust, mold, mildew and warping of 
photographic equipment? 

. Name one important precaution to be taken before using 
cameras in the arctic regions. 


. How can you protect lenses from damage by sand or salt? 


4. What are the most suitable materials for cleaning lenses? 


Should the testing of shutter speeds always be done by the 
repair department? 


CHAPTER 11 


ADMINISTRATION, REGULATIONS, 
AND RECORDS 


. What are the numbers of two General Orders relating to 
photography? 

. Where can you find regulations on what subjects are to be 
photographed, and on many other details of photographic 
work? 

To whom are still-picture negatives and prints and motion 
picture negatives forwarded? 

Name the four security classifications of photographic 
prints. 
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ANSWERS TO QUIZ 


CHAPTER 1 
COLOR PHOTOGRAPHY 


. Revealing characteristics of terrain in aerial photographs, 
studying camouflage, analyzing gunnery, providing greater 
realism and attractiveness. 


(a) Top layer, blue-violet; middle, green and blue-violet; 
bottom, red and blue-violet. 

(b) To absorb the blue-violet light, so that it is not re- 
corded on the middle and bottom emulsions. 


(a) Different types of color film are color-balanced for 
different types of light sources. Proper balance between 
film and light is necessary for true reproduction of 
colors. 


(b) Use a color correction filter. 


No, only the invisible haze, which affects a picture even 
though the eye cannot see it. 


No. Color films have less latitude than black-and-white films 
in recording differences between the highest light and the 
deepest shadow. Contrast in color work is provided by 
contrast in the colors of the subject, not by contrast in 
lighting the subject. 


(a) It is a high speed film, permitting use of high shutter 
speeds under poor lighting conditions. Also, it has 
high contrast, providing detail in the picture even when 
it is made through heavy haze or at high altitudes. 

(6) Never. This film requires one or two haze filters and 
usually an emulsion filter. 


By using a color filter over the lens. 


(2). 
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CHAPTER 2 
AERIAL CAMERAS 


(a) An oblique is taken with the camera pointed downward 
at an angle; a vertical with the camera pointed straight 
down. 


(6) No. A high oblique is one which shows the horizon. 
_ Altitude has nothing to do with it. 


Between-the-lens, focal plane, louvre. 


(a) F-56. (c) F-46. 
(b) K-20. (d) K-19. 


It regulates, electrically, the interval between exposures in 
a series of negatives for a flight strip. 


If an N-R-1 mount, yes; if an N-R-2 mount, no. 
CHAPTER 3 
AERIAL FILM 
Aero Panchromatic. 
No. 
Hyperfocal distance. 
D-19, DK-50, DK-60a and DK-76. 


Variation in tone and contrast would result, making it 
difficult to match the prints in a flight strip or map. 


CHAPTER 4 


AERIAL PHOTOGRAPHY — "THE KNOW-HOW" 


1. 
2. 


No. You follow your subject. 


Moisture is likely to condense on the camera lens during 
the drop. 


Advantage—the prints are rectified to balance out dis- 
tortion so that the scale is the same throughout. Disad- 
vantage—the process takes much more time. 
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4. (a) 1/12,000 (1 inch equals 12,000 inches). 
(6) 10,812 feet. | 
(c) 6-inch. 

(d) 7,571 feet by 8,000 feet. 

5. To be certain the area is covered without any gaps in the 
map, and to eliminate the outer areas of pictures where 
distortion is most pronounced. 

6. (a) 10. 

© (b) 4. 

(c) 40. 
(d) 11 seconds when flying east, 12 when flying west. 

7. 3°. 

8. Yes. 


9. Feather-edging. 


10. 


Start with the center print and work in all directions. 


CHAPTER 5 
STEREOSCOPY — DEPTH IN PICTURES 


1. (1) By taking two pictures, identical except that the lens 
for the second exposure is 234 inches on the film plane 
from its position for the first. (2) By using a stereoscopic 
or double-lens camera, with the lenses 2% inches apart, 
making two pictures simultaneously. 

4 seconds. 

One with Polaroid lenses. 

Transparent Vectograph film in the center with a relief film 
above and below it. 

5. Yes. 

6. No. The screen must have a metallic surface or a surface 
painted with Polaroid aluminum pigment. 

CHAPTER 6 
MOTION PICTURE CAMERAS 
1. 24. 
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2. Loops of film are formed above and below the gate. 


oe 


(0 9 


10. 


11. 


A Pp w& N 


Turn a handle which shifts the camera box to the right, 
placing the photographing lens in front of the focusing 
telescope. 


Offset between lens and viewfinder. 
Yes. 
Yes—both do. 


The Model Q can use either. The Model M uses only 
inside spools. 

1/54th. 

No, only by spring motor. 

In both, a rectangular magazine is inserted inside the camera 
box. 

(a) Cine Special. 

(6) Built in two halves—the magazine and the mechanism. 


CHAPTER 7 


MOTION PICTURE PROCESSING 
Send half of it with the roll of film to be processed, keep 
the other half. 
Development of motion picture film. 
To allow for shrinkage of the film as it dries. 
(a) Acetate. (6) Nitrate. 


(1) Sensitester. (2) Printing a test strip with the print- 
ing machine at different exposures. (3) Matching a test 
strip with “sample” or key frames whose printing time has 
been previously determined. 


. To activate the mechanism which shifts the next selected 


printing aperture into place. 
Yes. 


To clean off the emulsion, so the adhesive material will 
form a firm bond between the two films. 
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CHAPTER 8 


MOTION PICTURE TECHNIQUE 
Tripod. 
Definitely not. Pan shots should be used very sparingly. 
Increase the size of the lens diaphragm opening. 
128. 


Combine close-ups, medium shots and long shots; shoot 
from different angles. 


(a). 

To arrange the order of scenes, eliminate unnecessary or 
undesirable footage, insert titles—in general, to give a final 
polishing to the production. 


CHAPTER 9 
MOTION PICTURE PROJECTORS 


It excites or activates the photoelectric cell in the production 
of the sound. 


About one foot behind the screen unless it is opaque, and in 
that case to one side, above or below the screen; about 
three feet above the heads of the audience. 


Amplifier, motor, projection lamps, sound. 
Yes. . 


After the projection of each reel. 


CHAPTER 10 
CARE OF EQUIPMENT 


. High humidity. 


Winterize—remove all regular oi] and lubricate the camera 


with special low-temperature oil. 


By keeping a filter or an optically-flat glass over the lens. 
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Special lens tissues and fluids supplied by manufacturers. 


No. Testing is part of the photographer’s job. But, if major 
repairs or adjustments are needed, let the experts do it. 


CHAPTER 11 


ADMINISTRATION, REGULATIONS, 
AND RECORDS 


179 and 180. 


. Bureau of Aeronautics Manual. 


. That depends on the latest directives. Still pictures may 
go to one source and movie film to another. 


Restricted, Confidential, Secret, Top Secret. 
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INDEX 


Acrial Cameras, 63-67 
Aerial film, 123-124 
development indexes for, 136 
development tables, 137-140 
processing, 131-1383 
types, 164-169 
Aerial motion picture photog- 
raphy, 326-329 
Aerial photographic mosaic map, 
176 
Aerial photography, 59-61 
speed in, 328 
Aerial stereogram, diagram, 198 
Aerial stereophotographs, 197 
Aerial vertical vectographs, 
214-215 
Aero panchromatic film, 123, 124 
Anaglyphs, principle of, 196 
Angle of tilt, 182 
Ansco Color Film, 44-50 
exposure, 47 
filters, 46 
lighting, 45 
processing, 50 
stowing, 57 
Automatic machine methods of 
processing, 298-299 


Bell and Howell Eyemo, operation, 
259-268 
Filmo, operation, 270-272 
Standard, operation, 255-259 
Bleach formula, 240 


Camera 

aerial, 63-67 

mounts, 115-121 

stereoscopic, 194 
Care of equipment, 365-377 
Cine Kodak Special, construction, 

275 

operation, 275-279 
Cinematography, 313 
Classes of film, 283-284 
Cleaning lenses, 374-375 
Colors, additive, 5-7 

complementary, 5-7 





contrasts, 27-31 

film, care, 50-58 

film, stowing, 50-58 

filters, 14-22 

meter, 14 

photography, 1-58 

primary, 3 

subtractive, 5-7 

temperature, 11-14 
Contrast in color, 27-31 


Deep tank and rack method of 
processing, 296-297 
Developer, formula, 239 
Kodak D-72, 293 
Kodak D-76, 292 
Developing film, 213-214 
Development, aefial film, tables 
for, 138-140 
formulas and times, 136-137 
indexes for aerial films, 137 
Drying 
drum, description, 300-301 
film, 142, 301-302 
rack and frame method, 302-303 
rotating drum method, 142 
Dryer, Smith Automatic, 142 
Dual focusing system, in Cine Spe- 
cial, 277 
Duplicating films, characteristics, 
304-305 
purposes, 303-305 


Editing film, 329-331 
Equipment, care of 

in Arctic, 369-372 

at sea, 372 

in Tropics, 367-369 
Exposure 

Kodachrome, 31-40 

meter, 32-35 

tables, 35-39 

tests, making, 305-808 
Eyemo, loading, 261 
Filing 

mounted prints, 398, 399 

negatives, 398-402 
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“. panchromatic, 123 
Ansco Color, 44-50 
classes, 283-284 
developing, 213-214 
drying, 142, 301-302 
editing, 329-331 
for training purposes, taking, 
331-332 
forwarding for processing, 287- 
289 
infrared, 123 
Kodachrome, 7-9 
Kodacolor Aero, 40-44 
making, 210 
registering, 214 
washing, 141 
Filmo “Auto” Models, operation, 
272-275 
Filmosound projector, threading, 
352-356 
Filter, color, 14-22 
Filters, wratten dyed-gelatin haze, 
125 
Fixing bath, Kodak, 141 
standard hypo, formula, 294 
Focusing, in aerial photography, 
128-129 
Forwarding official photographs, 
397 





Ground vectographs, 218 


High temperature, effect on de- 
veloper, 240-241 


Enfrared film, 123 
Intervalometer, 111-115 


Kelvin, 12 

Kodak 
D-76 developer formula, 292 
D-72 developer formula, 293 
D-76R, replenisher, 293 
fixing bath, 141 

Kodachrome 
description, 7-9 
exposure, 31-40 
processing, 9-11 
Safety Film, 23-25 
stowing, 55-57 

Kodacolor Aero Film, 40-44 


Laboratory, planning, 

Lantern slides, 218 

Left-eye negatives, 205-206 

Lenses, cleaning, 374-375 

Light sources, 22 

Loading the Eyemo, 261 

Low temperature, effect on devel- 
oper, 241, 242 


Milagazine Cine Kodak, operation, 
280-282 

Manual of U. S. Naval Photo- 
graphic Service, 388 

Map, aerial photographic mosaic, 
176 


Marking films, 213 
Maxwell, Clark, 4 — 
Meter, color, 14 
exposure,.32-35 
Mitchell, operation of, 249-255 
Motion picture projectors, 335-336 
Mosaic map, making, example, 178- 
180 
Mosaics, 228, 232-234 
Mounts, camera, 115-121 
Multiple lamp printer, 148 


Navy aerial cameras, 67-108 
F-8 — 69-73 
F-46 — 105-106 


F-56 — 73-82 
“K-17 — 85-90 
K-18 — 90-95 
K-19 — 95-99 
K-20 — 100-103 
Negatives 


filing, 398-402 

left-eye, 205-206 

numbering, 146 

right-eye, 205-206 
Numbering negatives, 146 


@blique aerial photographs, tak- 
ing, 158 

Oblique photograph, 61-63, 65 

Official photographs, forwarding, 

. 897 

Overexposure, 210 

Overlap, in maps, 174 

Overlapping, side-to-side, 176 


Panoramic shooting, 317-319 

Panning. See Panoramic shooting 

Paste, formula, 190 ° 

Photographic supplies, procure- 
ment of, 391-392 
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Photographic units, administration, 
388 
Positive films, 
characteristics, 303-305 
developing, 809-310 
printing, 308-309 
purposes, 303-305 
Primary colors, 3 
Printing solutions, 240 
Printing, vectograph, 203-204 
Printer, multiple lamp 
strip, 148 
Prints, mounted, filing of, 398-402 
Processing, 
aerial film, 131-133 
automatic machine method, 
298-300 
deep tank and rack method, 
296-297 
forwarding film for, 287-289 
revolving drum method, 298 
routine, 289-290 
Stineman Reel system, 290-291 
with sea water, 242 
Procurement of photographic sup- 
plies, 391-392 
Projection chart, 16-mm. sound 
film, 363 
35-mm sound film, 347-348 
Projector 
Holmes, threading, 342 
kinds, 336-337 
motion picture, 335-336 
sound test, 341-342 
35-mm sound operation, 337-339 


Raack and frame method of dry- 
ing, 302-303 
Reconnaissance strips, 228-232 
Records 
equipment and supplies inven- 
tory card file, 404 
job order form, 400 
Job order log, 401 
photographer’s data sheet, 403, 
404 


quarterly photographic record, 
405 


Registering film, 214 

Replenisher, Kodak D-76R, 293 

Revolving drum method of 
processing, 298 

Right-eye negatives, 205-206 


‘Scale, of maps, deter 


NN 
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_ 
Sea water, in procs 







Sensitester, 306 » 169 
Side-to-side overlapping, 1 
Shutter opening and camera 
relationship, 311, 812 
Slides, lantern, 212 
Smith aerial film dryer, view, 142 
Smith Automatic Dryer, 141 
directions for operating, 143-144 
Solutions, printing, 233 
Speed 
for 16-mm. film, 277 
for 35-mm. film, 276 
in aerial photography, 317 
variation of, 312, 313, 322-324 
Stereophotographs, aerial, 197 
oblique, 200-201 
Stereoscope, lens type, 195 
mirror or table type, 195 
Stereoscopic cameras, 194 
Stretching photographs, 190 
Stineman Reel system of 
processing, 290-296 
Strip camera, 106 
printer, 149 


Threading, animatophone projec- 
tor, 360-362 
Filmosound projector, 352-356 
Holmes projector, 342-345 
Tilt, angle of, 182 
Tripod, classification, 315-316 
definition, 315 


UWnderexposure, 210 


Wectographs, aerial vertical, 214 
215 . 
ground, 215 
how to make, 203 
principle of viewing, 202-203 
printing, 203-204 
print, making, 222 
process, 203 
Vertical photograph, 61-63, 65 
Vertical aerial photographs, 
taking, 158 
Viewfinder, 108-111 


Washing film, 141 

Washoff bath formula, 239 

Wratten dyed-gelatin haze filters, 
125 
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